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Salmonella,  Listeria  Monocytogenes,  and  Campylobacter  Jejuni 
in  Meat  and  Poultry  Carcasses 


This  compilation  comprises  a  collection  of  papers  submitted  by  Dr.  N.  A.  Cox, 
microbiologist,  at  the  Food  Protection  and  Processing  Research  Unit,  Richard  B. 
Russell  Agricultural  Research  Center,  U.S.  Department  of  Agriculture,  Athens, 
Georgia  30613,  to  the  National  Agricultural  Library  that  represents  laboratory 
methods  for  isolating  and  identifying  Salmonella,  Listeria  monocytogenes,  and 
Campylobacter  jejuni— three  types  of  organisms  frequently  encountered  as  causes  of 
food  poisoning  in  food  and  feed.  The  methods  were  designed  primarily  to  assist 
meat  and  poultry  inspectors  as  well  as  food  sanitarians  and  commercial  meat  and 
poultry  packing,  slaughtering  and  processing  plants  throughout  the  world  and 
represent  the  methods  developed  or  adopted  by  the  aforementioned  laboratory  to 
which  Dr.  Cox  is  attached.  It  should  be  borne  in  mind  that  the  actual  methods  used 
by  the  Food  and  Safety  Inspection  Service  (FSIS)  can  be  obtained  by  writing  to  the 
Microbiology  Division,  Science,  Food  Safety  Inspection  Service,  U.S.  Department  of 
Agriculture,  South  Building,  Independence  Avenue  Between  12th  and  14th  Streets, 
S.W.,  Washington,  D.C.  20250.  FSIS  is  the  U.S.  Federal  agency  responsible  for 
administering  and  enforcing  the  national  Meat  and  Poultry  Inspection  Program. 
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Methods  for  the  Isolation  and  Identification  of  Salmonella,  Listeria 
Monocytogenes,  and  Campylobacter  Jejuni  in  Meat  and  Poultry  Carcasses. 
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Laboratory  Communication  No.  57  Revised  May  24,  1989.  Method 
for  the  Isolation  and  Identification  of  Listeria  monocytogenes 
from  Meat  and  Poultry  products. 


The  method  for  testing  products  for  the  analysis  of  Listeria 
monocytogenes  in  meat  and  poultry  products  has  been  revised 
and  is  attached . 

The  major  differences  between  this  revision  and  the  previous 
one  are  as  follows: 


o  Sample  size  is  increased  to  25  grams. 

o  Samples  collected  under  the  agencies  monitoring  programs  are 
described  as  are  procedures  for  selecting  25  grams  from 
these . 

o  Fraser  broth  replaces  the  current  secondary  enrichment 
broth.  It  is  a  slight  modification  of  the  previously 
used  UVM  formula  but  permits  more  rapid  reporting  of 
negative . samples  and  conservation  of  laboratory 
manpower  and  materials. 

o  Plating  agar  has  been  changed  to  one  that  is  slightly 
more  selective.  It  also  contains  the  esculin  hydrolysis 
system  which  permits  visual  recognition  of  presumptive 
Listeria  colonies,  thereby  eliminating  the  time  consuming 
selection  of  colonies  under  the  microscope  and  oblique 
light . 


The  FSIS  strengthened  Listeria  policy 
implementation  on  July  1,  1989.  Upon 
the  necessary  reagents  and  apply  this 
samples . 


is  scheduled  for 
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procedure  to  the  monitoring 
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Under  the  new  Listeria  policy,  a  positive  monitoring  sample  may 
result  in  the  recall  of  the  lots.  The  impact  of  this  on  the 
laboratories  will  be  an  increase  in  requests  for  results 
for  both  negative  and  positive  samples. 

Procedures  for  the  detection  of  the  L.  monocytogenes  are 
under  development  throughout  the  worTd  and  improvements  are 
expected  to  be  rapid.  To  keep  pace  with  the  progress,  we 
expect  to  revise  this  method  more  frequently. 


FSIS  METHOD  FOR  THE  ISOLATION  AND  IDENTIFICATION 
OF  LISTERIA  MONOCYTOGENES  FROM  PROCESSED  MEAT 


AND  POULTRY  PRODUCTS 

LABORATORY  COMMUNICATION  NO.  57 
REVISED  MAY  24,  1989 

DENNIS  MCCLAIN  AND  WEI  HWA  LEE 


USDA,  FSIS,  MICROBIOLOGY  DIVISION 
BELTSVILLE,  MD 


INTRODUCTION 


This  method  is  intended  for  those  with  prior  knowledge  and  experience  in  the 
isolation  and  identification  of  Listeria  monocytogenes . 


MEDIA  AND  REAGENTS 


UVM  BROTH  (1);  Primary  Enrichment;  Commercially  Available  (BBL;DIFCO) 

This  medium  is  essentially  the  medium  that  was  developed  by  Donnelly  and 
Baigent  at  the  University  of  Vermont  (2).  It  differs  from  the  original 
formula  in  that  it  contains  one-half  the  amount  of  naladixic  acid. 


Proteose  Peptone 

5 

8 

Tryptone 

5 

g 

Lab  Lemco  Powder 

5 

g 

Yeast  Extract 

5 

g 

NaCl 

20 

g 

KH  PO, 

1.35 

g 

Na^Hpft 

12 

o 

g 

Esculin 

1 

g 

Naladixic  Acid  (2%  in  0.1  M  NaOH) 

1 

ml 

Acriflavin 

12 

mg 

Distilled  Water 

1 

liter 

Sterilize  at  121°C,  15  minutes.  DO  NOT  OVERHEAT;  COOL  AT  ONCE  AFTER  REMOVAL 
FROM  THE  STERILIZER.  IF  THE  MEDIA  BLACKENS  OR  DARKENS,  IT  HAS  BEEN  OVERHEATED 
AND  MUST  BE  DISCARDED.  Store  in  the  refrigerator. 


FRASER  BROTH;  Secondary  Enrichment  (3) 

This  broth  is  identical  in  formula  to  that  above  except  for  increased 
acriflavin  to  aid  in  selection  and  the  addition  of  lithium  chloride  and  ferric 
ammonium  citrate  to  produce  a  visual  blackening  of  tubes  containing1  esculin 
hydrolyzing  bacteria.  All  Listeria  species,  and  other  bacteria  that  hydrolyze 
esculin,  darken  or  blacken  this  medium. 
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Proteose  Peptone 
Tryptone 

Lab  Lemco  Powder 
Yeast  Extract 


NaCl 

KH  PO 

Na^HPO . 

-  2  .4 

Esculin 

Naladixic  Acid  (2% 
Lithium  Chloride 
Distilled  Water 


in  0.1  M  NaOH) 


5  g 
5  g 
5  g 
5  g 

20  g 

1.35  g 

12  g 
1  g 
1  ml 

3  8. 

1  liter 


Mix  well  to  resuspend  the  media  and  dispense  10  ml  into  20  x  150  mm  test 
tubes.  Sterilize  at  121°C,  15  minutes.  DO  NOT  OVERHEAT;  COOL  AT  ONCE  AFTER 
REMOVAL  FROM  THE  STERILIZER.  Store  in  the  refrigerator.  Just  before  use,  add 
0.1  ml  of  2.5  mg/ml  of  filter  sterilized  acriflavin  (Sigma)  and  0.1  ml  filter 
sterilized  5%  stock  solution  of  ferric  ammonium  citrate  (Sigma)  in  distilled 
water  to  each  10  ml  tube. 


MODIFIED  OXFORD  MEDIUM  (MOX) 


MOX  agar  is  a  slight  modification  of  the  Oxford  Listeria  selective  medium 
developed  by  Curtis  e_t  a_l.  (4). 

MOX  Agar  Base: 


Columbia  Blood  Agar  Base 

Agar 

Esculin 

Ferric  Ammonium  Citrate 
Lithium  Chloride  (Sigma  L0505) 
1 %  Colistin  Solution 
Distilled  Water 


39-44  g/1  (depending  on  brand) 

2  g/1 

1  g/1 

0.5  g/1 

15  g/1 

1  ml 
1000  ml 


Rehydrate  with  constant  stirring  with  a  magnetic  mixer  and  adjust  pH  to  7.2  if 
necessary.  Autoclave  this  base  at  121  C  for  10  minutes,  mix  again,  and  cool 
rapidly  to  46  C  in  a  water  bath.  Add  2  ml  of  1%  filter  sterilized  Moxalactam 
Solution  to  make  the  complete  MOX  medium,  mix  well,  and  pour  12  ml  per  plate. 


CAUTION :  Do  not  use  the  Oxford  supplement  or  any  other  supplement  with  this 

formula . 


1%  Colistin  Solution: 

Colistin,  Methane  Sulfonate  (Sigma  C 1 5 1 1 )  1  g 

0.1  M  Potassium  Phosphate  Buffer,  pH  6.0  100  ml 

Colistin  solution  is  not  sterile,  store  frozen  in  small  aliquots  (3-5  ml) 
at  -20°C  or  below. 
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1%  Moxalactam  Solution: 

Sodium  (or  Ammonium)  Hoxolactam  (Sigma  M1900)  1  g 

0.1  H  Potassium  Phosphate  Buffer,  pH  6.0  100  ml 

Dissolve,  sterilize  by  filtration,  dispense  in  2  ml  quantities  and  store  in 
freezer  (-20  C  or  below). 


HORSE  BLOOD  OVERLAY  MEDIUM  (HL) 

Base  Layer: 

Columbia  Blood  Agar  Base  1  liter;  prepared  to  manufacturers  specifications. 

Sterilize  at  121°C  for  15  minutes.  Pour  10  ml  per  100  mm  diameter  petri  dish. 
Allow  to  solidify  and  while  still  warm,  overlay  with  blood  agar  as  described 
below. 

Top  Layer: 

Add  4%  horse  blood  to  melted  Columbia  blood  agar  base,  which  has  been  cooled 
to  46  C.  Stir  or  swirl  to  mix  evenly.  Put  5  or  6  ml  on  top  of  the  base  layer 
and  tilt  the  plates  to  spread  top  layer  evenly.  Store  plates  in  the 
refrigerator.  Discard  any  discolored  plates.  THIN  PLATES  ARE  NECESSARY  TO 
DEMONSTRATE  LISTERIA  BETA-HEMOLYSIS  PRODUCED  BY  SURFACE  COLONIES. 


CAMP  TEST  AGAR 

Use  Trypticase  Soy  Agar  containing  5%  sheep  blood.  Pour  8  ml  per  100  mm 
diameter  petri  dish.  Store  plates  in  the  refrigerator.  Discard  any 
discolored  plates. 

CARBOHYDRATE  FERMENTATION  BROTH 

Base : 


Peptone  10  g 

Lab  Lemco  Powder  (OXOID)  1  g 

NaCl  5  g 

Distilled  Water  900  ml 

Phenol  Red  (360  mg/20  ml  0.1  N  NaOH)  1  ml 


Adjust  pH  to  7.4  and  sterilize  at  121°C  for  15  minutes.  To  the  cooled  basal 
fermentation  broth,  add  100  ml  of  filter  sterilized  carbohydrate  solutions  as 
indicated  below: 

Xylose,  5% 

Mannitol,  10% 

Rharanose,  5% 

Dispense  aseptically:  5  ml  per  13  x  100  mm  sterile  screw  cap  tubes. 


PROCEDURE 


SAMPLE  SIZE 

For  products  collected  under  the  Agency's  various  monitoring  or  follow-up 
programs,  a  25  gram  portion  will  be  selected  as  described  under  sample 
preparation.  In  illness  or  potential  illness,  investigations  may  result  in 
larger  sample  sizes. 


SAMPLE  PREPARATION 

Sanitize  the  surface  of  the  intact  meat  package  by  either  of  the  following 
procedures : 

(a)  Swabbing  it  with  3%  Hydrogen  Peroxide.  Use  peroxide  from  the  drug  store 
and  add  one  teaspoonful  of  Johnson's  NO  MORE  TEARS  baby  shampoo  (or 
equivalent)  to  a  1  pint  bottle.  The  shampoo  named  was  chosen  because  it 
is  neutral  and  contains  EDTA  which  stabilizes  peroxide.  Rotate  the 
bottle  gently  to  mix  the  contents.  Allow  the  peroxide  to  dry  on  the 
package  before  proceeding. 

(b)  Dipping  the  package  into  a  bleach  solution.  This  solution  is  made  by 
adding  50  ml  of  household  bleach  and  0.5  g  Tween  80  to  1000  ml  of  0.003  M 
NaH  PO^  buffer  and  adjusting  the  pH  to  6.0.  Allow  the  bleach  to  air-dry 
on  the  package.  Open  the  package  using  sterile  knives,  scissors,  and 
forceps . 

The  following  media  are  obtainable  in  dehydrated  form  and  are  made  as  per 
manufacturer's  directions: 

BACTO  MOTILITY  TEST  MEDIUM  (Difco  0105-01-3);  CAUTION:  Many  similar  motility 
preparations  do  not  give  the  typical  umbrellaform  motility.  Dispense  4  ml 
per  13  x  100  test  tubes. 

BRAIN  HEART  INFUSION  BROTH  (BHI) 

BRAIN  HEART  INFUSION  AGAR  SLANTS 

BILE  ESCULIN  AGAR  SLANTS 

MR-VP  MEDIUM 

OXIDATION/FERMENTATION  MEDIUM  (0/F) 

NITRATE  BROTH 

OXIDASE  TEST  REAGENT  (1%  tetramethyl-p-phenylenediamine  dihydrochloride) 

THE  MEDIA  CONTAINED  IN  THIS  SECTION  ARE,  ON  THE  WHOLE,  HEAT-SENSITIVE,  AND  IT 
IS  IMPORTANT  TO  OBSERVE  THE  TIMES  AND  TEMPERATURES  GIVEN  FOR  THEIR  PREPARATION. 
LEFT-OVER,  UNPOURED  AGAR  SHOULD  BE  DISCARDED. 
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A'.  Monitoring  Samples: 

Under  the  revised  instructions  for  the  Listeria  monitoring  program,  the 
inspector  will  be  collecting  five  (5)  intact  retail  packages  of  a  product 
if  the  product  is  packaged  for  retail  in  sizes  of  1  pound  or  less.  If  the 
product  is  packaged  in  sizes  of  greater  than  1  pound  or  bulk  packaged,  the 
inspector  will  aseptically  collect  a  single  representative  portion.  The 
laboratory  procedures  will  be  different  for  these  two  cases. 

1.  Packaged  product  of  1  pound  or  less: 

a.  Inspector  will  collect  five  (5)  retail  packages  from  one  lot. 

b.  Laboratory  disinfects  packages  and  removes  a  5  gram  representative 
portion  from  each  package  into  a  blender  or  Stomacher  container  to 
comprise  one  composite  sample  of  25  grams  for  a  lot. 

2.  Bulk  packaged,  packaged  product  of  greater  than  1  pound  or  product 
arriving  in  the  laboratory  not  in  a  retail  package: 

a.  Inspector  will  collect  one  representative  portion  from  one  lot 
(e.g.,  center  slice  of  roast  beef). 

b.  Laboratory  removes  a  25  gram  representative  portion  into  a  blender 
or  Stomacher  container  to  comprise  one  25  gram  sample  for  a  lot. 

B.  Refrigerated  Shelf  Life  Sample: 

1.  In  addition  to  the  five  retail  packages  of  1  pound  or  less,  the 

inspector  will  also  be  collecting  one  sample  to  be  analyzed  at  the  end 

of  shelf  life. 

2.  The  laboratory  will  refrigerate  this  sample  (must  be  intact)  at 

40-42  F  until  the  end  of  shelf  life.  The  tracking  system  for  this 
will  be  developed  by  the  laboratories.  If  no  shelf  life  is  indicated, 
the  laboratory  must  visually  inspect  the  package  periodically  for 
visual  indication  (e.g.,  milkiness)  which  indicates  end  of  acceptable 
shelf  life.  If  no  indication  by  70  days  post  production,  the 
laboratory  may  analyze  the  shelf  life  sample.  If  the  shelf  life  is 

known,  the  sample  analysis  should  be  scheduled  for  analysis  just  after 

the  end  of  the  "use  by"  date.  If  the  sample  has  no  "use  by"  date  but 
has  a  "sell  by"  date,  analyse  just  after  the  end  of  the  "sell  by" 
date.  Incubator  temperatures  should  be  continuously  recorded. 

The  laboratory  will  sanitize  package  and  remove  a  25  gram 
representative  portion  into  a  blender  or  Stomacher  container. 
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ENRICHMENT  AND  PLATING 

Add  225  ml  of  Listeria  enrichment  broth  (UVM)  to  each  25  g  sample.  Blend  or 
stomach  for  2  minutes.  Transfer  blended  material  to  a  suitable  sterile 
container  and  incubate  for  20-24  hours  at  30  C.  The  Stomacher  bag  may  be 
sealed  with  a  small  air  pocket  and  incubated  without  transfer. 

Secondary  Enrichment: 

Transfer  0.1  ml  of  the  incubated  broth  to  Fraser  broth.  Incubate  at  35°C  for 
26  +  /-  2  hours.  Compare  each  incubated  tube  to  an  uninoculated  tube  against  a 
white  background.  Blackened  or  darkened  tubes  resulting  from  esculin 
hydrolysis  are  to  be  streaked  for  isolation.  Culture  tubes  that  remain  the 
original  straw  color  are  to  be  reported  as  negative  for  L.  monocytogenes . 

Dip  a  sterile  cotton  swab  into  the  Fraser  broth  positive  tubes  and  swab  1/2  of 
a  MOX  agar  plate.  With  a  loop,  streak  the  remainder  of  the  plate  at  a  90 
angle  twice  (Fig.  1).  Incubate  the  plate  at  35  C  for  24-48  hours. 

NOTE :  When  testing  samples  suspected  for  involvement  in  illness  complaints, 

streak  MOX  plates  from  the  Fraser  broth  regardless  of  color  reaction,  incubate 
the  Fraser  broth  an  additional  24  hours  then  restreak  to  MOX  agar  plate. 
Incubate  this  plate  at  35  C  and  read  at  both  24  and  48  hours. 


Fig.  1:  Swab  and  streaking 
patterns  for  Mox  agar. 


Fig.  2:  Viewing  angle  for  horse 
blood  overlay  plates. 
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EXAMINATION  OF  INCUBATED  MOX  AKAR  PLATES 

MOX  agar  is  highly  selective  and  yields  Listeria  monocytogenes  colonies 
typical  in  size  and  formation.  Esculin  is  hydrolyzed  resulting  in  black  zones 
around  the  colonies.  Typical  L.  monocytogenes  colonies  are  almost  always 
visible  after  24  hours,  but  incubation  should  be  continued  for  an  additional 
24  hours  to  detect  slow  growing  strains. 


COLONY  SELECTION  AND  RE STREAKING 

Gently  touch  five  colonies  suspected  of  being  Listeria  in  succession  with  the 
inoculation  needle.  Streak  for  isolation  onto  a  Horse  Blood  Overlay  Agar 
plate.  This  should  be  done  for  each  plate  inoculated  the  previous  day. 

Because  the  plates  are  so  thin  they  are  easily  scratched  and  should  be 
carefully  streaked  with  a  pure  platinum  wire.  Incubate  overnight  at  35  C. 

EXAMINATION  OF  INCUBATED  HORSE  BLOOD  OVERLAY  AGAR  PLATES 

Examine  the  plates  with  a  fluorescent  lamp.  Hold  the  plate  at  a  right  angle 
to  a  fluorescent  lamp  and  view  the  bottom  of  the  plate  (Fig.  2).  Select 
translucent  colonies,  about  1-2  mm  in  diameter,  with  a  narrow  zone  of  beta 
hemolysis  surrounding  the  colony  and  complete  clearing  of  the  blood 
underneath . 

THIN  PLATES  AND  A  FLUORESCENT  LAMP  ARE  NEEDED  TO  DEMONSTRATE  BETA  HEMOLYSIS  BY 
SURFACE  COLONIES  OF  Listeria  monocytogenes . 

SCREENING 

Well  isolated  colonies  suspected  of  being  Listeria  monocytogenes  are  picked 
with  a  needle  and  transferred  to  BHI  Broth  and  to  Bacto  Motility  Test  Medium 
by  stabbing.  Incubate  both  media  at  20-25  C.  After  overnight  incubation, 
examine  BHI  broth  by  wet  mount  or  hanging  drop  for  tumbling  motility;  also 
make  a  gram  stain. 

NOTE :  Proceed  with  identification  tests  only  if  the  culture  is  hemolytic 

gram-positive,  has  tumbling  motility,  and  appears  to  be  a  pure  culture. 

Consult  the  flowchart  (Fig.  3)  and  Table  1  for  aid  in  the  evaluation  of  the 
screening  tests  performed. 


IDENTIFICATION  AND  CONFIRMATION  TESTS 

Media  used  in  the  identification  and  confirmation  of  Listeria  monocytogenes 
can  be  inoculated  from  the  BHI  broth.  Inoculate  a  slant  of  BHI  agar  to  be 
used  for  the  catalase  and  oxidase  tests. 

Also  inoculate  bile  esculin  agar,  MR-VP  medium,  0/F  medium,  nitrate  broth,  and 
rhamnose,  xylose,  and  mannitol  fermentation  broths. 
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Fig. 


:  FSIS  Identification  Schema  for  the  Isolation  of  Listeria  Monocytogenes 


(1) 


(2) 


(3) 


MOX  AGAR 


— 


NO  BLACK  COLONIES 


▼ 

BLACK  COLONIES 


— -^STOP^ 


NO  3-HEM.  COLONIES 


TRANSPARENT  p-HEM.  COLONIES  (98Z  Lm) 


INOCULATE  SEVERAL  INTO 
BHI  BROTH  SEPARATELY 


GRAM  +  SHORT  RODS,  WITH  TUMBLING  MOTILITY 


— (STOP}  NOT  AS  ABOVE 

\  /  OR  MIXED  CULTURE! 


PROCEED  WITH  BIOCHEMICAL  IDENTIFICATION 


(SEE  IDENTIFICATION  CHART  ENCLOSED) 
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Table  1  .  Reactions  for  Screening  Listeria  Species.* 


Reactions 


Species 


L.  monocytogenes 


L.  seeliqeri 


L.  ivanovii 


L.  innocua 


L.  welshimeri 


HL  Agar 

Colony  Hemolysis 


Transparent  beta 


Transparent  beta 


Transparent  beta 


Transparent  no 


Transparent  no 


Motilty  ** 


Agar 


Umbrella-like 


Umbrella-like 


Umbrella-like 


Umbrella-like 


Umbrella-like 


Broth 


Tumbling 


Tumbling 


Tumbling 


Tumbling 


Tumbling 


Stain 


Gram  + 


Gram  + 


Gram  + 


Gram  + 


Gram  + 


*  Manual  of  Clinical  Microbiology,  1988 


**  Since  hemolysis  reaction  occurs  before  final  reading  of  motility, 
discontinue  motility  tests  for  all  non-hemolytic  isolates. 
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Incubate  the  motility  medium  for  2  or  more  days.  Observe  for  an  umbrella  type 
of  growth  (Fig.  4)  which  is  typical  of  Listeria  monocytogene s .  Discard 
cultures  which  lack  this  appearance. 


R. 

equi 

^ - -S* 

2 

F 

\ 

- w* 

V 

J 

\ 

V 

- vwk 

Fig.  4:  Umbrella  Motility 


Fig.  5:  CAMP  Test 


MODIFIED  CAMP  TEST  (1) 


Inoculate  a  line  of  fresh  BHI  broth  cultures  of  Staphylococcus  aureus,  ATCC 
25923  and  Rhodococcus  equi ,  (FDA  Strain)  on  a  plate  of  the  test  agar.  Streak 
suspected  listeriae  at  a  90°  angle  (Fig.  5).  Incubate  the  plates  at  35°C  for 
24-48  hours.  A  positive  reaction  is  an  arrow  shaped  hemolytic  zone  close  to 
the  Staphylococcal  or  Rhodococcal  growth,  L.  monocytogenes  and  L.  seeliger i 
are  CAMP  positive  to  the  Staphylococcus  and  CAMP  negative  to  the  Rhodococcus 
while  L.  ivanovii  is  CAMP  positive  to  both  the  Staphylococcal  and  the 
Rhodococcal  growth. 

Alternative  CAMP  Test  (1): 

A  more  convenient  CAMP  test  may  be  performed  using  the  Si.  aureus  factor  in 
commercially • prepared  sterile  £-lysin  discs  (Remel  D21-120).  In  this  test,  a 
@-lysin  disc  is  placed  in  the  center  of  the  8  ml  ''AMP  sheep  blood  plate  and 
4-5  Listeria  cultures  are  streaked  as  radiating  ]  _nes  ‘ from  "the  disc.  After  Ui; 
overnight  incubation  at  35  C,  a  very  sharp  CAMP  reaction  between 
L.  monocytogenes  or  L.  seeligeri  cultures  and  the  disc  can  be  observed. 

L.  ivanovii  are  strongly  hemolytic  and  forms  a  clear  B-hemolytic  line  along 
the  entire  streak.  It  is  also  xylose  positive. 


BASIC  IDENTIFICATION  CHARACTERISTICS  OF  L.  MONOCYTOGENES 

Listeria  monocytogenes  is  a  gram-positive,  non-sporeforming  short  rod  that 
exhibits  tumbling  motility  at  25°C.  It  is  beta-hemolytic  and  gives  a  positive 
CAMP  test  with  S^.  aureus ,  but  not  R.  equi »  on  sheep  blood  agar.  It  is 
catalase  positive,  oxidase  negative,  MR  and  VP  positive,  bile  esculin 
positive,  fermentative  with  respect  to  glucose,  and  rhamnose,  fails  to  ferment 
.xylose  and  mannitol  and  does  not  reduce  nitrate.  >See  Table  2  for  aid  in  the 
identification  of  L.  monocytogenes  and  other  Listeria. 


■ 


. 


Table  2.  Confirmatory  Tests  for  Hemolytic  Listeria 
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ABSTRACT 

The  efficacy  of  lactose  preenrichment  and  various  selective 
enrichment  and  differential  plating  media  were  evaluated  to  deter¬ 
mine  the  optimal  procedure  for  detecting  salmonellae  from  fresh 
chicken  or  frozen  turkey,  pork  sausage,  and  cured  chicken.  Sal¬ 
monellae  were  most  frequently  recovered  from  fresh  poultry  or  pork 
sausage  when  samples  were  preenriched  in  lactose  broth  incubated 
at  35°C,  selectively  enriched  in  TT  broth  at  43°C,  and  streaked  onto 
a  new  differential  plating  medium,  modified  lysine  iron  agar  (MLIA/ 
USDA).  Enrichment  of  cured  chicken  in  selenite  brilliant  green  broth 
incubated  at  43°C  was  more  productive  than  in  TT  incubated  at  43°C. 
When  poultry  and  sausage  samples  were  ftrst  preenriched  at  35°C, 
selectively  enriched  at  43°C,  and  then  streaked  onto  MLIA/USDA 
greater  than  75%  of  all  CPUs  on  the  MLIA/USDA  plates  were  typical 
of  salmonellae.  Different  procedures  are  recommended  for  maximal 
recovery  of  salmonellae  from  fresh,  frozen  or  cured  poultry  prod¬ 
ucts. 


The  FDA  and  USDA  official  methods  for  isolation  of 
Salmonella  from  raw  meats  are  inconsistent.  The  FDA  proce¬ 
dure  calls  for  direct  enrichment  in  selenite  cystine  (SC)  and 
tetrathionate  brilliant  green  (TBG)  for  24  h  at  35°C  followed 
by  streaking  on  selective  plates  of  bismuth  sulfite  (BIS), 
xylose  lysine  desoxycholate  (XLD),  and  Hektoen  enteric 
(HE)  agars  which  are  incubated  for  24  h  at  35°C  (J).  The 
USDA  procedure  calls  for  preenriching  the  meat  samples  in 
lactose  broth  (LB)  with  0.6%  tergitol  for  24  h,  then  transfer¬ 
ring  0.5  ml  of  the  LB  to  10  ml  of  TT  (16)  broth  which  is 
incubated  for  24  h  at  35°C.  Selective  plates  of  brilliant  green 
sulfa  (BGS)  and  XLD  agars  are  then  streaked  and  incubated 
for  24  h  at  35°C  (27). 

It  is  generally  recognized  that  to  detect  sublethally  in¬ 
jured  salmonellae  from  processed  foods  it  is  necessary  to 
preenrich  the  food  product  in  a  non-selective  broth.  This 
procedure  has  not  been  universally  accepted  for  raw  meat 
products  which  have  not  undergone  processing  steps  which 
would  lead  to  sublethal  injury  of  contaminating  bacteria.  In 


'USDA.  Athens,  GA. 

:USDA,  Alameda.  CA. 

3USDA.  Washington.  DC. 


addition  to  the  recommendation  of  direct  enrichment  by  FDA, 
van  Schothorst  et  al.  (28),  Cox  and  Mercuri  (3 ).  and  Cox  et  al. 
(5)  have  also  used  direct  incubation  of  raw.  chilled  or  frozen 
meat  products  in  selective  enrichment  media.  Conversely,  in 
addition  to  USDA  using  a  non-selective  preenrichment.  Gal- 
ton  et  al.  (14),  Surkiewicz  et  al.  (25).  Gabis  and  Silliker  (13), 
and  many  other  have  suggested  that  more  complete  recovery 
of  Salmonella  from  raw  products  is  achieved  when  a  non- 
selective  preenrichment  broth  is  used  before  selective  enrich¬ 
ment.  Based  on  these  findings,  and  since  the  USDA  studies 
already  recommended  its  use,  it  was  decided  to  use  preenrich¬ 
ment  in  most  of  our  meat  samples  in  this  study. 

D’Aoust  and  Maishment  (7)  evaluated  six  non-selective 
preenrichment  media,  and  found  all  of  them  except  EE  broth 
(19)  to  be  equally  effective  for  isolation  of  Salmonella  in 
naturally  contaminated  low  and  high  moisture  foods.  They 
also  found  that  Salmonella  could  be  recovered  from  signifi¬ 
cantly  more  samples  preenriched  for  24  h  than  when  they  were 
preenriched  for  only  6  h.  Because  of  its  widespread  use  in  the 
U.S.A.  and  apparent  effectiveness  with  meat  products,  LB 
preenrichment  for  24  h  w'as  chosen  for  this  study. 

Tetrathionate  broth  or  some  modification  (e.g.  TBG  or 
TT)  and  SC  are  the  most  widely  used  of  the  numerous  selective 
media  for  isolation  of  salmonellae  from  foods  and  maximal 
recovery  can  be  obtained  by  using  a  combination  of  tetrathion¬ 
ate  broth  and  SC  (2,10,20).  In  addition  toTT  and  SC,  selenite 
brilliant  green  (SBG)  broth  (24)  was  tested  as  one  of  our 
primary  selective  enrichment  media.  Previous  studies  (3  J)  in 
our  laboratory  have  demonstrated  that  for  raw  processed 
poultry,  direct  enrichment  with  SC  would  detect  as  few  as  four 
cells  of  Salmonella  per  broiler  carcass.  Therefore,  the  sensitiv¬ 
ity  of  direct  enrichment  of  meat  samples  in  SC  incubated  at 
35°C  was  examined. 

Both  the  FDA  and  USDA  recommend  incubating  preen¬ 
richment  and  selective  enrichment  media  at  35°C.  However, 
the  international  organizations.  ICMSF  and  ISO,  recommend 
incubating  of  preenrichment  at  35°C  and  enrichment  media 
at  43°C.  Other  studies  with  both  clinical  and  food  samples 
have  shown  that  incubation  of  cultures  at  43°C  will  inhibit 
growth  of  other  Enterobacieriaceae  but  not  Salmonella.  Sil¬ 
liker  and  Gabis  (23)  found  more  Salmonella  to  be  detected 
when  frozen  raw  meat  samples  were  preenriched  at  35°C 
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followed  b\  incubation  of  enrichment  cultures  at  4?°C  than 

»  v 

if  the  enrichment  cultures  were  incubated  at  35°C.  In  this 
study,  plates  were  streaked  from  samples  preenriched  in 
lactose  broth  incubated  at  35  and  43°C  and  from  TT  or  SBG 
enrichment  cultures  incubated  at  43°C  obtained  by  subcultur¬ 
ing  from  the  lactose  broth  incubated  at  35°C. 

Several  differential  plating  media  are  recommended  for 
isolation  of  salmonellae.  In  the  United  States.  BGS.  XLD, 
HE  and  BIS  are  the  most  commonly  used  plating  media.  In 
this  study,  HE  was  not  chosen  because  many  meat  and  poultry 
samples  will  contain  strains  of  Proteus  which  look  the  same 
as  Salmonella  on  the  HE  plates  and  extra  work  will  be 
required  to  differentiate  these  false-positive  isolates.  Also, 
BIS  was  not  used  because  the  selectivity  and  differential 
properties  can  change  dramatically  as  a  result  of  preparation 
and  storage  conditions  (6),  and  the  wide  divergence  in 
appearance  of  Salmonella  colonies  on  these  plates  also 
requiring  extra  work  to  confirm  positive  Salmonella 
samples.  In  this  study,  we  used  BGS.  XED  with  and  without 
added  novobiocin  which  inhibits  growth  of  Proteus  (1722), 
and  a  variation  of  the  modified  lysine  iron  agar  of  Rappold 
and  Bolderdijk  (21)  which  w'as  changed  to  enhance  the 
detection  of  H„S. 

The  type  of  food  products  being  tested  and  the  types  of 
competing  microorganisms  will  affect  the  performance  of 
Salmonella  recovery'  media  suggesting  that  an  optimal  pro¬ 
cedure  should  be  determined  for  each  different  food  category 
(2,10).  The  objective  of  this  study  was  to  determine  optimal 
media  and  conditions  for  recovery'  and  isolation  of 
Salmonella  from  fresh  and  cured  raw  meat  and  poultry 
products. 

MATERIALS  AND  METHODS 

Experiment  1 

Twenty-five  1-lb  samples  of  mechanically  deboned  turkey 
(MDT)  were  collected  over  a  period  of  2  weeks  from  a  commercial 
plant.  The  samples  were  frozen  in  the  commercial  freezer  at  each 
processing  plant  and  shipped  to  the  laboratory  where  they  were 
sampled  within  1  month.  Each  sample  was  thawed  at  room  tem¬ 
perature  and  sampled  in  the  following  manner  (Fig.  1).  Twenty- 
five  g  was  placed  in  225  ml  of  lactose  broth  with  0.6%  tergitol, 
stomached  for  30  s,  and  incubated  at  35°C  for  24  h.  A  duplicate 
25-g  sample  was  preenriched  in  lactose  broth  incubated  at  43°C 
for  24  h.  One-ml  portions  of  the  lactose  broth  which  had  been 
incubated  at  35°C  was  inoculated  into  9  ml  of  each  of  three 
enrichment  media:  (a)  TT  broth  (Difco)  incubated  at  35°C  for  24 
h,  (b)  TT  broth  incubated  at  43°C  for  24  h.  and  (c)  selenite  brilliant 
green  (SBG)  broth  (Difco)  incubated  at  43°C  for  24  h.  In  addition, 
25  g  of  the  thawed  turkey  sample  was  placed  in  225  ml  of  selenite 
cystine  (SC)  broth  (Difco)  and  incubated  at  35°C  for  24  h. 

After  incubarion  of  all  samples,  one  loopful  (3-mm  loop)  of 
each  broth  was  streaked  onto  BGS,  XLD.  and  XLD  plus  10  mg 
of  novobiocin/L  (XLD-N)  plates.  Two  typical  colonies  were 
picked  from  each  plate  and  inoculated  into  lysine  iron  (LI)  agar 
slants.  Each  culture  showing  presumptive-positive  LI  results 
were  serologically  tested  (poly  O,  subgroup  0)  and  confirmed 
(poly  H)  to  be  Salmonella.  Twenty-five  1-lb  samples  of  mechani¬ 
cally  deboned  cured  chicken  (MDCC)  meat  and  25  1-lb  samples 
of  fresh  pork  sausage  were  each  collected  from  single  commer- 


Figure  1.  Sampling  scheme  for  fresh  and  cured  meat  samples 
(Experiment  1):  LB-lactose  broth.  TT  tetrathionate  brilliant 
green  (16),  SBG-selenite  brilliant  green,  SC-selenite  cystine. 

rial  plants  and  all  samples  were  analyzed  as  previously  de¬ 
scribed  for  MDT. 

Experiment  2 

Fifty  1-lb  samples  of  MDT  were  collected  as  described  in 
Experiment  1.  After  thawing.  25  g  of  each  sample  was  placed  in 
225  ml  (SC),  stomached  for  30  s.  then  incubated  for  24  h  at  35°C. 
In  addition.  25  g  of  each  sample  was  placed  in  225  ml  of  lactose 
broth  with  0.6%  tergitol  and  stomached  for  30  s.  After  incubation 
for  24  h  at  35°C.  replicate  1-ml  portions  of  the  lactose  preenrich¬ 
ment  culture  were  inoculated  into  9  ml  of  TT  and  SBG  and 
incubated  for  24  h  at  43“C.  One  ml  from  each  enrichment  culture 
were  then  combined  and  immediately  inoculated  onto  BGS, 
XLD-N  and  MLIA  (Table  1).  Suspect  colonies  were  screened 
biochemically  and  serologically  as  previously  described. 

Fifty  1-lb  samples  of  MDCC  were  obtained  commercially 
and  treated  in  the  same  manner  as  MDT  Also,  50  processed 
broiler  carcasses  were  obtained  from  a  poultry  processing  plant 
and  transported  to  the  laboratory  in  ice.  Carcasses  were  rinse- 
sampled  according  to  the  procedure  of  Cox  et  al.  (4),  except  that 
300  ml  of  sterile  rinse  water  was  used.  After  rinsing,  the  remaining 
210  ml  of  rinse  fluid  was  split  into  two  equal  volumes  and  con¬ 
centrated  SC  (lOx)  or  lactose  broth  (lOx)  were  added  to  bring  the 
sample  to  a  single  strength  solution.  Duplicate  1-ml  portions  of 
the  lactose  preenrichment  culture  were  inoculated  into  9  ml  of 
TT  and  SBG  and  incubated  for  24  h  at  43°C.  Enrichment  cultures 
were  streaked  on  BGS.  XLD-N  and  MLLA  Thereafter,  the 
samples  were  treated  the  same  as  the  others  in  Experiment  2.  Also, 
0.5  ml  of  the  TT  (43)  and  0.5  ml  of  the  SBG  (43)  enrichment  broths 
were  combined  and  the  composite  was  streaked  onto  the  appro¬ 
priate  selective  plating  media.  Data  were  analyzed  by  ANOVA 
and  the  Duncan  Multiple  Range  Test  (8). 


TABLE  1.  MUA1USDA. 


Lysine  iron  agar  (Oxoid) 

34  g 

Bile  salts  No.  3  (Oxoid) 

1-5  g 

Lactose 

10  g 

Sucrose 

10  g 

Sodium  novobiocin 

.015  g 

Sodium  thiosulfate 

6.8  g 

Ferric  ammonium  citrate 

0.3  g 

Distilled  water 

1000  ml 
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TABLE  2.  Comparison  of  enrichment  and  plating  media  for  recovery  of  Salmonella  from  mechanically  deboned  turkey  (MDT). 
mechanically  deboned  cured  chicken  (MDCCi.  and  pork  sausage  (Experiment  1). 

Product 

Media 

No.  of  samples  confirmed  Salmonella  (+)  out  of  1 

25  samples 

Total” 

Preennchment* 

Enrichment” 

LB  (43) 

LB  (35) 

TT  (35)‘ 

TT  (43Y 

SBG  (43 Y 

SC  (35) 

Turkey 

BGS 

1 

0 

13 

0 

1 

13 

XLD 

1 

0 

3 

12 

0 

1 

XLD-N 

2 

0 

4 

12 

0 

1 

Cured  chicken 

BGS 

21 

9 

20 

15 

22 

3 

XLD 

12 

3 

5 

2 

21 

1 

22 

XLD-N 

9 

2 

17 

13 

22 

3 

Pork  sausage 

BGS 

0 

0 

0 

2 

0 

0 

XLD 

0 

0 

0 

2 

0 

0 

2 

XLD-N 

0 

0 

0 

2 

0 

0 

‘BGS  -  brilliant  green  sulfa.  XLD  -  xylose  lysine  desoxycholate.  XLD-N  -  XLD  +  10  mg/L  novobiocin. 

bLB  -  lactose  broth,  TT  (Hajna  and  Damon.  1956),  SBG  -  selenite  brilliant  green.  SC  -  selenite  cystine,  (35)  -  35°C  incubation.  (43)  -  43°C 
incubation. 

CLB  (35)  preenrichment  broth  used  to  inoculate  TT  (35),  TT  (43)  and  SBG  (43)  selective  enrichment. 

‘Total  positive  samples  by  one  or  more  methods. 


TABLE  3.  False-positives  on  differential  plating  media 
samples  of  deboned  turkey  and  cured  chicken  meat. 


Number  suspect 
colonies 

False-positives 

Plating  media 

Number 

Percent 

BGS 

264 

■5 

1.9 

XLD 

27  1 

144 

53.1 

XLD-N 

258 

34 

13.2 

RESULTS 

Experiment  1 

With  MDT  samples  (Table  2),  direct  streaking  from  LB 
preenrichment  or  SC  enrichment  samples  was  not  effective 
for  recovering  salmonellae.  When  LB  (35)  preenrichment 
was  transferred  to  the  different  enrichment  media,  more  sal¬ 
monellae  were  recovered  from  the  TT  samples  than  the  SBG 
samples,  and  the  TT  samples  incubated  at  43°C  yielded  more 
positives  than  the  TT  samples  incubated  at  35°C.  Productiv¬ 
ity  of  plating  media  were  comparable.  The  most  salmonellae 
were  recovered  from  MDCC  when  samples  were  streaked 
from  SBG  (43)  onto  any  of  the  plating  media  or  when 
streaked  onto  BGS  plates  from  TT  (35)  or  LB  (43)  (Table  1). 
With  the  MDCC,  TT  (43)  was  not  as  effective  as  TT  (35)  and 
BGS  was  the  most  effective  plating  medium.  With  pork 
sausage,  salmonellae  were  only  recovered  from  two  samples 
and  only  when  samples  were  incubated  in  TT  (43)  following 
enrichment  in  LB  (35).  The  two  salmonellae  recovered  were 
detected  on  all  three  plating  media. 

The  total  number  of  turkey  and  cured  chicken  samples 
from  which  salmonellae  were  detected  was  about  the  same  for 
the  BGS,  XLD  or  XLD-N  plates,  but  53.19c  of  the  salmonel- 
lae-like  isolates  selected  from  XLD  plates  were  not  salmonel¬ 
lae.  The  occurrence  of  false-positive  results  varied  with  plat¬ 
ing  media.  WLen  novobiocin  was  added  to  the  XLD  plates, 
the  number  of  false-positives  was  reduced  to  13.2%  while 


only  1.99c  of  the  isolates  from  BGS  were  needlessly  picked 
(Table  3). 

Experiment  2 

There  were  significantly  more  recoveries  of  salmonellae 
from  MDT  samples  (Table  4)  using  TT  (43)  or  the  composite 
TT  (43)  and  SBG  (43)  than  from  SC  (35)  or  SBG  (43),  but 
no  significant  differences  among  plating  media  were  ob¬ 
served.  The  number  of  salmonellae  recoveries  from  cured 
chicken  was  similar  for  the  four  enrichment  procedures,  but 
significantly  more  salmonellae  were  recovered  with  BGS  and 
MLLA/USDA  than  with  XLD-N.  With  chicken  rinse,  there 
was  no  significant  difference  in  the  number  of  salmonellae 
recovered  using  the  TT  (43),  SC  (37)  or  the  composite  TT 
(43)  and  SBG  (43)  and  all  three  enrichments  gave  signifi¬ 
cantly  (P  =  <.05)  more  recoveries  than  the  SBG  (Table  4). 
There  were  no  significant  differences  in  plating  media 
although  MLLA/USDA  and  XLD-N  gave  more  positive 
recoveries  than  BGS. 

Overall,  salmonellae  were  recovered  significantly  (P  = 
<.05)  more  frequently  with  TT  (43)  or  the  composite  of  TT 
(43)  and  SBG  (43)  than  with  SBG  (43)  alone  or  from  direct 
enrichment  in  SC  (37).  Salmonellae  were  more  frequently 
isolated  with  MLIA/USDA  than  from  BGS  or  XLD-N.  With 
one  or  more  of  the  procedures  used,  salmonellae  were  found 
in  92%  of  the  cured  chicken  samples,  72%  of  the  turkey 
samples,  and  98%  of  the  chicken  carcasses.  The  lowest  per¬ 
centage  of  false-positive  results  were  obtained  with  MLL4 
following  preenrichment  in  lactose  at  35°C  and  enrichment  in 
TT  at  43°C  (Table  5). 

DISCUSSION 

When  determining  whether  to  directly  enrich  a  sample  or 
to  use  a  non-selective  preenrichment  step  first,  it  is  important 
to  know  the  expected  number  of  Salmonella  present  and  their 
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TABLE  4.  Comparison  of  enrichment  and  plating  media  for  recovery  of  Salmonella  from  turkey,  dehoned  cured  chicken  and 
broiler  carcasses  (Experiment  2). 


Product 

No.  of  samples 

confirmed  Salmonella  (- 

■)  out  of  50  samples 

Plating 

media 

TT  (—3)* 

SBG  (43i* 

TT  i43  )* 

-t- 

S3G  (43) 

SC  (37)- 

Total* 

Turkey 

MLIA/USDA 

34 

20 

35 

*■>  « 

BGS 

35 

6 

28 

27 

36 

XLD-N 

35 

7 

36 

28 

Cured  chicken 

MLIA/USDA 

37 

39 

45 

29 

BGS 

37 

34 

36 

28 

46 

XLD-N 

27 

32 

30 

28 

Chicken  rinse 

MLIA/USDA 

49 

40 

49 

45 

BGS 

49 

19 

37 

38 

49 

XLD/N 

49 

26 

48 

49 

*9-mI  TT  or  SBG  enrichment  culture  inoculated  with  1  ml  of  lactose 
Samples  were  directly  enriched  in  SC  with  no  enrichment. 


Total  positive  samples  by 

one  or  more  methods. 

TABLE  5.  Selectivity •  of 

ML! A! USD. \  agar 

medium. 

Enrichment 

broth 

TT-S3G 

Product  sampled 

SC  (37)  TT  (43) 

SBG  (43) 

(-3) 

Deboned  turkey  meat 

30"“  95 

45 

60 

Deboned  cured  chicken 

meat 

50  75 

55 

55 

Broiler  carcass  rinse 

45  95 

4  > 

65 

‘Number  of  confirmed  colonies  (%). 


physiological  state  as  well  as  know  ing  the  type  and  number 
of  background  flora  which  are  present  in  the  sample  being 
tested.  Large  populations  of  physiologically  active  salmonel- 
lae  will  facilitate  detection  and  many  selective  recovery 
media  can  be  used  to  detect  the  salmonellae,  but  if  only  a  few 
organisms  are  present,  if  the  salmonellae  are  in  an  inactive 
state,  or  if  the  meat  sample  being  tested  is  highly  contami¬ 
nated  with  competitive  flora,  then  direct  enrichment  of 
samples  without  prior  preenrichment  is  not  justified  and  may 
lead  to  false-negative  results. 

Tetrathionate-based  enrichment  media  are  very  selective 
and  can  even  be  somewhat  toxic  to  salmonellae.  Taylor  and 
Silliker  (26)  and  Bailey  et  al.  (2)  showed  that  detection  of  low 
levels  of  Salmonella  from  various  food  products  was  not 
always  achieved  when  the  foods  were  directly  inoculated  into 
tetrathionate-based  broths.  If  the  number  of  Salmonella  in 
these  products  was  increased  either  by  increasing  the  size  of 
inoculum  or  by  preenriching  in  a  non-selective  medium,  then 
Salmonella  were  detected  in  all  samples  and  in  some  instances 
the  tetrathionate  media  detected  the  Salmonella  when  the  less 
selective  selenite  cystine  did  not.  In  these  instances  where  the 
initial  numbers  and  condition  of  the  Salmonella  were  suffi¬ 
cient  to  survive  the  initial  shock  of  the  enrichment  media,  the 
tetrathionate  medium  was  more  effective  because  the  com¬ 
peting  background  microflora  was  suppressed  while  the 
Salmonella  were  able  to  grow  to  sufficient  numbers  to  be 
detected. 

Numerous  studies  have  shown  that  if  salmonellae  are  not 


preenrichment  broth  incubated  at  35°C. 


injured,  most  of  them  will  grow  at  43°C.  At  the  same  time, 
many  competing  bacteria  are  inhibited  at  this  temperature. 
The  selective  properties  of  TT  broth  are.  therefore,  enhanced 
by  incubating  the  samples  at  43°C.  In  Experiment  1  of  this 
study,  we  also  found  that  more  salmonellae  recoveries  were 
made  from  fresh  turkey  and  pork  sausage  when  the  samples 
w-ere  preenriched  at  35°C  and  subsequently  transferred  to  TT 
broth  which  was  incubated  at  43°C  than  when  TT  broth  was 
incubated  at  35°C.  In  addition  to  the  salmonellae  being  recov¬ 
ered  from  more  samples,  a  higher  percentage  of  the  isolates 
on  the  selective  plates  were  confirmed  to  be  salmonellae 
when  TT  (43)  was  used  (Table  5).  With  the  fresh  products 
tested.  95%  of  all  CPUs  were  confirmed  to  be  salmonellae. 

With  the  cured  chicken  meat  which  contained  about  2.0 
to  3.0%  added  NaCl  and  about  0.15  to  0.2%  added  NaNO„ 
incubation  of  the  samples  in  TT  (43)  was  less  effective  for 
recovery'  of  salmonellae  than  incubation  at  TT  (35).  Differ¬ 
ent  media  and  methods  are  necessary  for  maximal  recovery' 
of  salmonellae  from  fresh  or  cured  meats  and  a  possible  ex¬ 
planation  of  these  differences  would  be  the  added  NaCl  and 
nitrites.  Many  bacteria  are  inhibited  by  the  levels  of  added 
solutes  used  and  the  combination  of  the  solutes,  elevated 
incubation  temperature  (43°C)  and  TT  enrichment  broth 
seemed  to  have  a  detrimental  effect  on  recovery  of  salmonel¬ 
lae.  The  most  effective  method  for  recovery  of  salmonellae 
from  cured  chicken  meat  was  with  the  less  selective  SBG  (43) 
enrichment  (Tables  2  and  4).  In  Experiment  2,  favorable 
recovery  of  salmonellae  was  also  achieved  with  TT  (43) 
enrichment  followed  by  streaking  onto  MLIA/USDA  or 
BGS  plates  (Table  4),  but  no  comparison  was  made  to  TT 
(35). 

With  the  exception  of  BIS.  most  selective  plating  media 
for  isolation  and  differentiation  of  Salmonella  have  used 
lactose  fermentation  as  the  primary  biochemical  reaction  to 
differentiate  the  Salmonella  from  the  other  bacteria  capable 
of  surviving  selective  enrichment.  The  genus  Salmonella  was 
subdivided  into  5  subgroups  in  1984  (11).  Salmonella  sub¬ 
group  1  are  usually  isolated  from  humans  and  warm-blooded 
animals.  Salmonella  subgroup  3  (formerly  Arizona )  are  usu- 
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ally  isolated  from  cold-blooded  animals  and  the  environ¬ 
ment.  Strains  belonging  to  subgroup  3  have  been  found  in  a 
variety  of  animal  sources  (9)  including  poultry  (15).  Only 
1%  of  subgroup  1  isolates  are  reported  to  be  lactose  fermen¬ 
ters  while  15%  of  subgroup  3a  (monophasic  arizonae)  and 
85%  of  subgroup  3b  (diphasic  arizonae)  ferment  lactose  (12). 
Detection  of  the  subgroup  3  isolates  based  on  lactose  fermen- 
taqtion  could,  therefroe.  be  a  problem,  but  this  is  not  usually 
true  because  many  subgroups  3  isolates  are  slow  lactose  fer¬ 
menters.  normally  taking  more  than  72  h  to  ferment  lactose. 
Therefore,  for  poultry  and  meat  products  it  should  not  be 
necessary  to  use  BIS  selective  plates. 

In  Experiment  1,  the  total  number  of  fresh  turkey  and 
sausage  samples  found  to  be  positive  for  salmonellae  was 
about  the  same  for  the  BGS.  XLD  or  XLD-N  plating  media, 
but  the  prevalence  of  suspect  colonies  was  greater  when 
novobiocin  was  added  to  the  XLD.  which  confirmed  the 
work  of  Moats  (18)  and  Komatsu  and  Restaino  (17)  who  had 
also  shown  the  benefits  of  adding  novobiocin  to  salmonellae 
plating  media. 

Proteus  cultures,  like  those  of  salmonellae  did  not  fer¬ 
ment  lactose  and,  as  a  result.  Proteus  CFUs  often  look  like 
salmonellae  on  selective  plating  media.  Proteus  is  a  common 
contaminant  of  meat  products,  and,  as  a  result,  many  CFUs 
have  to  be  tested  from  each  selective  plate  before  the  presence 
or  absence  of  salmonellae  from  the  meat  samples  can  be 
assured.  In  an  effort  to  improve  the  efficiency  of  the  plating 
media,  we  tested  a  medium  similar  to  the  modified  lysine  agar 
of  Rappold  and  Boderijk  (21)  which  we  supplemented  with 
sodium  thiosulfate  and  ferric  ammonium  citrate  (MLIA/ 
USDA)  to  enhance  H.S  production  of  salmonellae  (Experi¬ 
ment  2).  With  the  exception  of  S.  parapphi  A  which  w  ould 
normally  not  be  found  on  meat,  greater  than  95%  of  all 
salmonellae  produce  H,S,  and  greater  than  98%  of  all  sal¬ 
monellae  decarboxylate  lysine  (12).  Like  salmonellae, 
Proteus  do  not  ferment  lactose  and  most  are  H.S  (m),  but  no 
Proteus  are  known  to  decarboxylate  lysine  (12);  therefore, 
salmonellae  will  appear  as  purple  CFUs  with  black  centers  on 
MLIA/USDA  while  Proteus  CFUs  are  yellow.  With  the 
exception  of  a  few  strains  of  Citrobacter  freundii.  no  other 
bacteria  have  been  found  to  mimic  salmonellae  on  MLIA/ 
USDA. 

In  our  study  with  fresh  and  cured  meats  (Table  4), 
salmonellae  were  detected  from  more  samples  of  each  prod¬ 
uct  with  MLLA/USDA  than  with  BGS  or  XLD-N.  Little  dif¬ 
ference  was  found  between  BGS  and  XLD-N  and  occasion¬ 
ally  salmonellae  were  found  on  one  of  these  plating  media 
and  not  on  the  MLIA/USDA.  All  three  plating  media 
perform  adequately  for  differentiating  salmonellae  from 
other  isolates,  and  could  be  recommended  as  selective  plating 
media.  If  only  two  plating  media  are  to  be  used.  BGS  could 
be  recommended  over  XLD-N  because  there  are  no  H.S 
indicators  in  BGS  and  any  H.S  negative  salmonellae  missed 
by  MLIA/USDA  would  be  picked  up  by  the  BGS.  XLD-N 
uses  an  H.S  indicator  to  facilitate  detection  of  salmonellae 
isolates.  Our  study  indicates  that  optimal  recovery  of  sal¬ 
monellae  will  be  when  samples  are  preenriched  in  lactose 
broth  at  35°C  followed  by  enrichment  of  samples  in  TT  broth 


at  43°C  for  fresh  meats  or  selenite  brilliant  green  broth  at  43°C 
for  cured  meat  samples.  When  plates  of  MLIA/USDA  or 
BGS  are  streaked  from  these  samples,  the  vast  majority  of  all 
CFUs  on  the  plates  will  be  salmonellae. 
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ABSTRACT 

Tne  efficacy  of  four  preenrichment  media  (lactose  broth,  lactose 
broth  with  T ergitol .  buffered  peptone  and  M-9)  and  of  direct  enrich¬ 
ment  in  selenite  cystine  and  modified  tetrathionate  broths  for  recov¬ 
ering  two  Salmonella  serotypes  from  dry  poultry  feed  was  deter¬ 
mined.  The  salmonellae,  artificially  inoculated  and  stored  for  7  wk 
in  the  dry  feed  (1 .5  to  2.2  cells  of  salmor.eilae/g  of  feed  analyzed), 
were  recovered  from  significantly  more  samples  after  preenrich¬ 
ment  with  M-9  or  buffered  peptone  than  with  any  of  the  other  proce¬ 
dures  tested. 


Reliable  procedures  for  enumerating  Salmonella  in  dry 
feed  samples  are  needed  to  accurately  determine:  (a)  the  level 
of  naturally  occurring  Salmonella  in  feed,  (b)  the  level  of 
Salmonella  in  feed  required  to  cause  infection  in  live  ani¬ 
mals,  and  (c)  process  modifications  that  would  eliminate  Sal¬ 
monella  from  feed. 

Vegetative  bacterial  cells  exposed  to  drying  may  undergo 
cellular  damage  and  lose  their  ability  to  multiply  in  selective 
media  (14).  Current  isolation  procedures  used  to  detect  sal¬ 
monellae  in  dried  foods  and  feeds  generally  include  a  repair 
step  in  a  non-selective  preenrichment  medium  to  recover 
sublethally  injured  cells  that  may  be  present.  Using  sublet- 
hally  heat-stressed  Salmonella  typhimurium,  Gomez  et  al. 
(11)  obtained  a  higher  recovery  on  a  minimal  agar  medium 
(M-9)  than  with  trypticase  soy  yeast  extract  agar.  Wilson  and 
Davies  (22)  have  also  shown  the  advantage  of  preenrichment 
in  using  the  chemically  defined  M-9  medium,  as  compared 
with  complex  media,  in  the  repair  of  heat-injured  Salmonella 
senfienberg  cells.  In  contrast,  Poelma  et  al.  (15)  found  M-9 
to  be  less  efficient  than  lactose  broth  for  recovery  of  artifi¬ 
cially  inoculated  salmonellae  from  casein  powder. 

The  objective  of  this  study  was  to  compare  several  broth 
media  for  the  recovery  of  salmonellae  from  artificially  con¬ 
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taminated  poultry  feed  stored  for  7  wk.  Tne  performance  of 
direct  enrichment  (no  preenrichment)  was  also  evaluated. 

MATERIALS  AND  METHODS 

Test  organisms 

Two  Salmonella  serotypes  ( Salmonella  heidelberg  and  Salmonella  mon- 
tevideo),  both  resistant  to  1,000  mg  of  nalidixic  acid  per  L,  were  used  as 
test  organisms.  Cells  were  grown  for  24  h  at  37°C  on  MacConkey  agar 
slants  with  100  mg  of  nalidixic  acid  per  L  added  (MCNA),  and  then  washed 
from  the  slant  with  sterile  physiological  saline.  The  suspension  was  diluted 
with  saline  to  an  optical  density  of  0.2  at  540  nm,  and  then  serially  diluted 
to  obtain  the  desired  inoculum  level. 

Inoculation 

Commercial  poultry  feed  (11%  moisture  and  0.69  aw)  that  tested  negative 
for  salmonellae  was  used  in  these  experiments.  The  feed  was  inoculated  in 
batches  of  1 ,500  g  and  mixed  in  a  twin-shell  blender  as  described  by  Cox 
et  al.  (3).  Addition  of  10  ml  of  wet  inoculum  increased  the  moisture  content 
of  the  feed  by  less  than  0.3%.  The  average  number  of  cells  inoculated  (about 
10,000  cells/g)  was  determined  by  spreading  0. 1-ml  portions  from  each  di¬ 
lution  onto  plates  of  brain  heart  infusion  agar,  then  incubating  at  37°C  for 
24  h.  Both  the  level  and  the  uniformity  of  distribution  of  the  inoculum  in 
the  feed  were  determined  by  three  replicates  of  a  5-tube  most  probable 
number  (MPN)  procedure  using  buffered  peptone  (BP)  as  the  diluent  and 
streaking  from  the  tubes  onto  plates  of  MCNA  agar.  The  inoculated  feeds 
were  then  stored  in  polyethylene  bags  for  7  wk  at  25°C. 

Viable  salmonellae  were  monitored  in  the  stored  samples  with  a  10-tube 
MPN  procedure  in  which  BP  was  the  diluent  and  samples  from  tubes  were 
streaked  onto  MCNA  agar4plates.  MPN  determinations  were  calculated 
using  the  tables  published  by  de  Man  (6). 

Media 

The  M-9  medium  (11)  contained  Na:HPO,,  7.0  g;  KH:PO,,  3.0  g; 
NaCl,  0.5  g;  NR, Cl,  1.0  g;  MgSO,'7H;0.  0.25  g;  dextrose.  2.0  g;  and 
distilled ^vater,  1000  ml.  All  the  ingredients  except  dextrose  were  dissolved 
and  auioclaved  in  90%  of  the  w  ater;  dextrose  was  dissolved  in  the  remaining 
10%  of  the  water  and  autoclaved  separately. 

Buffered  peptone  (BP)  contained  peptone,  10.0  g;  NaCl,  5.0  g; 
Na-RPO,,  3.6  g;  KHiPO,,  1 .5  g;  and  distilled  water,  1000  ml  (7). 

All  other  media  were  made  from  commercially  prepared  dehydrated 
media  (Difco). 

Determination  of  efficiency  of preenrichment  and  enrichment  media 

After  7  wk  of  storage,  1-g  samples  of  the  two  inoculated  feed  lots  were 
qualitatively  analyzed  in  35  replicates  for  each  of  the  two  Salmonella 
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serotypes  and  each  of  the  six  preenrichment/dircct  enrichment  procedures. 
The  preenrichment  media  evaluated  were  M-9,  BP.  lactose  broth  (LB)  and 
lactose  broth  with  0.6%  Tergiiol  Anionic  7  (LBT).  Seienite  cystine  (SC)  and 
modified  tetrathionate  (  I  1 )  broths  were  tested  as  direct  enrichment  media. 
TT  broth  is  the  Hajna  and  Damon  (12)  modification  of  lecrathionaw  broth. 
Media  (9  rnl/g  of  feed)  were  incubated  at  37°C  for  24  h.  Samples  of  all 
preenrichment  media  were  streaked  onto  MCNA  agar  plates,  and  samples 
of  direct  enrichment  were  streaked  onto  MCN'A  and  BG  sulfa  (BGS)  agar 
plates.  The  pH  of  each  media  plus  feed  w  as  tested  before  and  after  incuba¬ 
tion  with  a  Radiometer  PHM  63  pH  meter  (Radiometer  A'S,  Copenhagen, 
Denmark).  Preenrichment  cultures  (1-mi  portions)  were  then  transferred  to 
9  ml  of  SC  or  TT  broth,  incubated  for  24  h  at  37°C  (SC  and  TT)  and  43°C 
(TT),  and  screaked  for  isolation  onto  plates  of  BGS  and  MCNA  agar  plates. 
All  the  agar  plates  were  incubated  for  24  h  at  3TC. 

No  extraneous  organisms  grew  on  MCNA  agar,  however,  on  BGS  agar 
the  suspected  colonies  of  Salmonella  had  to  be  selected  amidst  many  other 
colonies.  Three  typical  colonies  were  picked  from  each  BGS  plate  and 
biochemically  and  serologically  confirmed  to  be  the  marker  organisms. 
Their  identity  was  also  confirmed  on  MCNA  agar.  Colonies  that  were  obvi¬ 
ously  not  Salmonella  w  ere  randomly  selected  from  the  BGS  plates  and  iden¬ 
tified  using  the  Micro- ID  identification  system  (General  Diagnostics,  Mor¬ 
ris  Plains,  NJ). 

Statistical  analysis 

The  data  were  statistically  analyzed  using  the  categorical  data  analysis 
method  (Funcat  Procedure)  in  SAS  (76). 


RESULTS  AND  DISCUSSION 

Salmondlae  in  naturally  contaminated  dried  foods  and 
feeds  are  usually  present  in  relatively  low  numbers  and  are 
almost  always  outnumbered  by  other  organisms  including 
other  Enter obacteriaceae  (21).  In  addition,  many  of  the  sal- 
monellae  cells  that  survived  the  drying  process  and  storage 
in  the  dry  product  may  have  been  stressed  (14). 

In  the  evaluation  of  procedures  for  the  isolation  of  sal- 
monellae,  either  artificially  or  naturally  contaminated  feeds 
are  commonly  used.  The  inoculum  level  should  be  realistic, 
and  the  physiological  state  of  the  added  organisms  should  be 
taken  into  consideration.  .Artificial  inoculation  usually  re¬ 
sults  in  a  fair  distribution  of  the  inoculum  in  the  product.  So 
that  subsamples  can  be  compared,  and  there  is  no  need  for 
large  numbers  of  replicates  to  make  valid  comparisons. 
Naturally  contaminated  samples  usually  have  an  uneven  dis¬ 
tribution  of  salmonellae  within  a  batch  of  feed,  the  analysis 
of  large  numbers  of  samples  is  required  for  a  valid  compari¬ 
son. 

The  inoculation  procedure  of  Cox  et  al.  (3)  was  used  in 
this  study  to  produce  feed  samples  containing  well-distri¬ 
buted  low  numbers  of  salmonellae.  Analysis  of  the  two 
batches  of  inoculated  feed  after  the  7-wk  storage  period 
found  average  Salmonella  counts  of  1.5  (5.  heidelberg)  and 
2.2  (S.  montevideo)  viable  organisms  per  gram  of  feed. 

The  advantage  of  preenrichment  in  the  isolation  of  sal¬ 
monellae  from  dried  material  seems  to  depend  on  the  num¬ 
bers  and  the  physiological  state  of  the  salmonellae  present, 
and  the  numbers  and  types  of  contaminating  bacteria  present. 

The  relatively  low  recovery  rates  obtained  when  the  feed 
samples  were  directly  enriched  in  SC  or  TT  broth  (Table  1) 
suggest  that  the  7-wk  storage  period  used  in  this  study  had 
produced  sublethally  injured  cells  that  were  recoverable  only 
after  incubation  in  the  less  inhibitory  preenrichment  media. 


In  a  study  with  artificially  inoculated  poultry  feed.  Cox  et 
al.  (4)  obtained  better  results  with  direct  enrichment  in  SC 
or  TT  than  with  preenrichment  in  lactose  broth  followed  by 
enrichment  in  SC  or  TT. 

Lactose  broth  is  a  preenrichment  medium  widely  recom¬ 
mended  for  the  isolation  of  Salmonella  from  foods  and  feeds 
(1,8,20).  However,  recovery  rates  obtained  with  LB  were 
much  lower  than  with  BP  or  M-9  (Table  1).  This  difference 
could  be  partly  explained  by  the  greater  decrease  in  pH  dur¬ 
ing  incubation  of  the  feed  samples  in  LB  than  during  incuba¬ 
tion  in  BP  or  M-9  (Table  2).  This  lowering  of  pH,  the  extent 
of  which  depends  on  the  extraneous  flora  present,  may  be 
detrimental  to  the  repair  of  injured  salmonellae.  Wilson  and 
Davies  (22)  found  that  combination  of  lactose  broth  and  bone 
meal  was  toxic  to  thermally  injured  S.  senftenberg. 

The  addition  of  Tergitol  7  to  lactose  broth  has  been 
suggested  for  products  in  which  the  fat  content  may  prevent 
adequate  dispersion  of  the  product  (8,10,19),  and  the  use  of 
LBT  with  feeds  has  been  reported  by  several  researchers. 
Our  results  suggest  that  Tergitol  7  does  not  always  improve 
recovery  and  may  be  counterproductive  to  the  recovery  of 
Salmonella  under  certain  circumstances  (Table  1).  Ray  et  al. 
(17)  reported  lower  recoveries  of  salmonellae  from  dried 
milk  products  when  Tergitol  7  was  added  to  lactose  broth. 

Preenrichment  (except  preenrichment  of  samples  with  S. 
heidelberg  in  LB  or  LBT)  yielded  more  positive  recoveries 
than  direct  enrichment  of  the  feed  samples  in  SC  or  TT  broth 
(Tables  1  and  3).  Incubation  of  TT  at  37°C  usually  yielded 
higher  recoveries  than  did  incubation  at  43°C,  and  direct  en¬ 
richment  in  SC  and  in  TT  broth  were  similar.  It  has  been  pre¬ 
viously  reported  that  tetrathionate  broth  incubated  at  43CC 
was  frequently  lethal  to  salmonellae  (13). 

The  use  of  strains  resistant  to  nalidixic  acid  allowed  us  to 
evaluate  the  performance  of  preenrichment/enrichment 
media  by  plating  on  MCNA  agar,  apart  from  the  practical 
difficulties  of  isolating  Salmonella  from  BGS  agar  plates  in 
the  presence  of  the  other  Enterobacteriaceae .  Enterobacter 
agglomerans,  Enterobacter  cloacae  and  Klebsiella 
pneumoniae  were  the  predominant  Enterobacteriaceae  iso¬ 
lated  from  feed  samples  on  BGS  agar  plates. 

Of  the  preenrichment  media,  M-9  yielded  the  highest  and 
BP  the  second  highest  recoveries.  However,  statistical  anal¬ 
ysis  has  shown  that  M-9  is  not  significantly  different  from 
BP.  Both  M-9  and  BP  yielded  significantly  higher  recoveries 
(P<0.05)  than  LB,  LBT  or  direct  enrichment  with  SC  orTT. 
Smith  (75)  demonstrated  that  as  few  as  2  to  3  cells  of  sal¬ 
monellae  per  100  g  of  animal  feed  were  detectable  with  a 
buffered  peptone  water  preenrichment  technique.  After 
preenrichment  in  M-9  or  BP,  Salmonella  grew  equally  well 
both  in  SC  and  TT  broth.  However,  comparison  of  the  results 
obtained  with  MCNA  (Table  1)  with  those  of  BGS  agar 
(Table  3)  suggests  that  SC  did  not  inhibit  growth  of  extrane¬ 
ous  organisms  sufficiently,  thereby  making  the  isolation  of 
S.  heidelberg  difficult. 

The  performance  of  various  preenrichment  and  enrich¬ 
ment  media  in  the  recovery  of  salmonellae  from  dry  feeds 
and  feed  ingredients  has  been  compared  in  many  studies 
(2, 4, 5, 9)  which  have  reported  a  variety  of  results  and  conclu¬ 
sions.  Thus,  the  unbiased  reader  will  have  difficulty  in  deter- 
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TABLE  1.  Recovery  of  Salmonella  from  artificially  inoculated  dry  feed  with  different  preenrichment  and  enrichment  media  and  growth  on 
plates  ofMCNA  agar. _ 

%  of  Salmonella  positive  samples* 

Preenrtchment  Enrichment  medium 


Organism 

SC  37°C 

TT  37°C 

TT  43°C  Meanb 

5.  heidelberg 

LB 

20 

20 

23 

6 

17  B 

LBT 

14 

14 

14 

14 

14  B 

BP 

51 

51 

51 

46 

50  A 

M-9 

60 

57 

60 

54 

58  A 

Nonec 

- 

20 

14 

NT1 

S.  montevideo 

LB 

63 

60 

63 

46 

57  C 

LBT 

69 

69 

69 

66 

68  C 

BP 

83 

83 

83 

80 

82  B 

M-9 

89 

89 

89 

83 

87  A 

None 

- 

46 

57 

NT 

Total 

LB 

41 

40 

43 

26 

37  B 

LBT 

41 

41 

41 

40 

41  B 

BP 

67 

67 

67 

63 

66A 

M-9 

74 

73 

74 

69 

72  A 

None 

- 

33 

36 

NT 

“Each  of  the  preenrichment  or  direct  enrichment  media  was  tested  with  35  feed  samples  containing  one  serotype.  Data  presented  were  calcu¬ 
lated  from  the  number  of  Salmonella- positive  samples  out  of  35  for  each  serotype  or  out  of  a  total  of  70  samples  for  the  two  serotypes. 
bMeans  within  a  row  followed  by  the  same  letter  were  not  significantly  diferent  (P  =  0.05). 

cNone,  direct  enrichment  in  SC  or  TT  broth. 
dNT,  not  tested. 


TABLE  2.  Changes  in  pH  in  various  preenrichment  media  after  the 
addition  of  feed  samples  inoculated  with  S .  heidelberg. 

pH  after  addition  of  feed 


Preenrichment 

medium 

pH  of 
medium 

Before 

incubation 

After  24  h 
incubation 

LB 

6.8 

6.8 

4. 8-5.5 

LBT 

7.0 

6.8 

5.5-5. 8 

BP 

7.1 

6.9 

5. 8-6.4 

M-9 

7.0 

6.9 

5.9-6. 2 
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of  Salmonella  positive  samples*1 

Meanc 

Preennchment 

SC37°C 

Enrichment  media 

TT37CC 

TT  43°C 

5.  heidelberg 

LB 

6 

9 

6 

7  B 

LBT 

14 

9 

11 

11  B 

BP 

26 

40 

37 

34  A 

M-9 

34 

43 

34 

37  A 

Noned 

9 

11 

NT* 

S.  montevideo 

LB 

40 

14 

17 

24  B 

LBT 

29 

54 

29 

37  B 

BP 

66 

57 

46 

56  A 

M-9 

74 

51 

31 

52  A 

None 

11 

9 

NT 

Total 

LB 

23 

11 

11 

15  B 

LBT 

21 

31 

20 

24  B 

BP 

46 

49 

41 

45  A 

M-9 

54 

47 

33 

45  A 

None 

10 

10 

NT 

‘Suspected  colonies  picked  from  BGS  agar  plates  and  funner  confirmed  as  the  marker  organism. 
bSeeTabIe  1  footnote  “a”  for  explanations. 

Cleans  within  a  row  followed  by  the  same  letter  were  not  significantly  different  (P  =  0.05). 
dN'one,  direct  enrichment  in  SC  or  TT  broth. 

'NT,  not  tested. 
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ABSTRACT 

Fifty-two  freshly  processed  broiler  carcasses  were  examined 
for  the  presence  of  Salmonella  by  using  a  rinse  method.  Three 
selective  plating  media  (bismuth  sulfite,  brilliant  green  sulfa  and 
Hektoen  enteric)were  compared.  After  24  h  of  incubation,  typical 
colonies  were  picked  from  each  selective  plate.  An  8-h  procedure 
to  biochemically  characterize  (Micro  ID)  and  serologically  (poly 
0  and  poly  H)  confirm  Salmonella  was  then  compared  with  a 
conventional  procedure.  Suspect  Salmonella  isolates  were  cor¬ 
rectly  classified  from  63%  of  the  carcasses  with  both  the  8-h  and 
conventional  procedures.  Of  the  244  isolates  confirmed  to  be  Sal¬ 
monella  by  conventional  testing,  236  (97%)  were  also  confirmed 
by  the  8-h  procedure.  Brilliant  green  sulfa  and  Hektoen  enteric 
agar  were  superior  to  bismuth  sulfite  agar  for  Salmonella  recov¬ 
ery.  The  8-h  procedure  required  less  incubation  time  (8  h  vs. 
48  h)  after  colony  formation,  less  incubation  space,  and  less 
media  preparation  and  cleanup  than  the  conventional  procedure. 


Conventional  procedures  for  examining  foods  and  feeds 
for  salmonellae  involve  preenrichment  with  jionselective 
media  when  the  organisms  in  the  sample  are  stressed,  en¬ 
richment  in  selective  media,  selective  plating  to  obtain  iso¬ 
lated  colonies,  biochemical  screening  with  triple  sugar  iron 
(TSI)  and  lysine  iron  (LI)  agar  slants,  further  biochemical 
testing  and  serological  confirmation  with  somatic  poly  O 
and  flagellar  poly  H  antisera.  These  are  very  time-consum¬ 
ing  procedures,  i.e.,  72  h  are  required  for  colonies  to  form 
(48  h  if  preenrichment  is  not  used)  and  an  additional  48  to 
96  h  for  biochemical  characterization  and  serological  con¬ 
firmation.  Cox  and  Mercuri  (7)  proposed  an  alternative 
procedure  requiring  only  24  h  from  colony  formation  by 
concurrently  doing  biochemical  tests  and  serology  with  the 
Minitek  system  (BBL). 

With  increased  public  awareness  of  food  poisoning  bac¬ 
teria  and  possible  increased  scrutiny  by  regulatory  agen¬ 
cies,  it  is  particularly  important  to  develop  methods  for 

; All  media  were  from  the  Difco  Company:  this  does  not  imply  endorse¬ 
ment  by  the  authors  or  organization  by  which  they  are  employed  to  the 
exclusion  of  others  not  mentioned. 


rapid  and  accurate  Salmonella  detection.  An  enrichment 
serology  (ES)  procedure  to  detect  Salmonella  in  dried 
foods  and  feeds  using  only  broth  cultures  and  serological 
reactions  was  proposed  by  Sperber  and  Deibel  {10).  Mohr 
et  al.  (5)  used  a  6-h  ES  procedure  to  screen  for  Salmonella 
from  a  variety  of  food  products,  and  Surdv  and  Haas  (77) 
used  a  6-h  modified  ES  procedure  to  detect  Salmonella  in 
dried  soy  products.  While  these  procedures  are  very  rapid, 
they  alone,  without  biochemical  characterization  to  com¬ 
plement  serology,  could  result  in  false-negatives  which  are 
impossible  to  detect.  The  results  of  ES  are  highly  corre¬ 
lated  (>95%)  with  those  of  conventional  procedures  for  re¬ 
covering  Salmonella,  but  they  have  not  become  widely  ac¬ 
cepted  because  of  the  reluctance  of  many  microbiologists 
to  forego  biochemical  characterization. 

Silliker  et  al.  (9)  described  a  procedure  for  serologically 
confirming  Salmonella  from  isolated  colonies  on  selective 
plating  media.  This  method  is  rapid  and  accurate,  but  since 
a  battery  of  biochemical  tests  are  not  run,  they  recommend 
simultaneously  inoculating  TSI/LI  slants,  which  requires 
an  additional  24  h  of  incubation.  A  4-h  system  (Micro-ID) 
was  found  to  be  accurate  for  the  biochemical  characteriza¬ 
tion  of  Salmonella  isolates  (2.3).  Therefore,  the  objective 
of  this  study  was  to  evaluate  rapid  biochemical  (Micro-ID) 
and  concurrent  serological  tests  to  confirm  suspect-5a/- 
monella  colonies  in  8  h,  and  to  compare  the  Micro-ID 
serology  procedure  to  the  time-consuming  conventional 
procedure. 

MATERIALS  AND  METHODS 

A  total  of  52  freshly  processed  broiler  carcasses  were  rinse-sampled  ac¬ 
cording  to  the  procedure  of  Cox  et  al.  (4).  The  rinse  samples  were  incu¬ 
bated  for  16  h  at  37°C  and  then  brilliant  green  sulfa  (BGS)1,  Hektoen  en¬ 
teric  (HE)  and  bismuth  sulfite  (BiS)  agar  plates  were  streaked  tor  isola¬ 
tion.  After  24  h  of  incubation  at  37°C,  up  to  three  suspect  Salmonella  col¬ 
onies  per  plate  were  picked  and  inoculated  onto  triple  sugar  iron  (TSI)  and 
lysine  iron  (LI)  agar  slants  for  the  conventional  confirmation  procedure, 
and  into  rubes  containing  0.7  ml  of  M  broth  (10)  to  run  the  modified  8-h 
confirmation  procedure  (Table  1). 
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TABLE  1.  Confirmation  procedure  (8-h)  fbr  ri^pecf-Salrr&nella 

isolates. 

1.  Pick  typical  colony  to  0.7  ml  M  broth. 

2.  Incubate  M  broth  at  37°C  for  6  h.  -•  „ 

3.  After  4  h.  remove  2  loopfuls  of  M  broth  and  run  slide  poly  O 
agglutination. 

4.  After  4  h,  if  poly  O  (  +  ),  remove  0.2  ml  M  broth,  add  to  3.2 
ml  sterile  saline  and  run  Micro-ID. 

5.  After  6  h  of  incubation,  run  tube  poly  H  agglutination  on  re¬ 
maining  0.5  ml  M  broth  and  incubate  for  2  h  in  a  50°C  water 
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TABLE  3.  Percentage  of  isolates  from 
media  that  were  confirmed  to  be  Salmonella 

selective  enrichment 

Selective  plating 

Typical  isolates 

Isolates  confirmed 

medium  used 

selected 

to  be  Salmonella 

BiS 

72 

60  (83%) 

BGS 

100 

95  (95%) 

HE 

135 

89  (66%) 

Total 

307 

244  (79%) 

bath. 

6.  After  8  h.  read  Micro-ID  and  poly  H  agglutination  results. 


In  the  conventional  confirmation  procedure.  TSL'LI  slants  were  incu¬ 
bated  at  37°C  for  24  h.  Brain  heart  infusion  (BHI)  plates  were  streaked 
from  TSI/LI  agar  slants  exhibiting  a  typical  Salmonella  reaction  to  deter¬ 
mine  purity  and  to  produce  isolated  colonies  for  agglutination  tests.  Stan¬ 
dard  poly  0  slide  and  poly  H  tube  agglutination  tests  (5)  were  then  made. 

In  the  8-h  confirmation  procedure  (Table  I),  biochemical  tests  and 
serology  (both  O  and  H)  were  performed  concurrently.  Biochemical  con¬ 
firmation  was  determined  by  using  the  Micro-ID  system  (General  Diag¬ 
nostics,  Division  of  Warner-Lambert  Company,  Morris  Plains,  New  Jer¬ 
sey). 


and,  therefore,  is  the  only  medium  that  would  detect  the 
19c  of  salmonellae  which  are  lactose-positive  (7). 

The  percentage  of  confirmations,  using  conventional 
procedures,  of  typical,  Salmonella-Uke  colonies  selected 
from  the  various  plating  media  are  shown  in  Table  3.  BGS 
was  the  most  efficient;  95%  of  the  colonies  tested  were 
confirmed  as  Salmonella.  Colonies  of  Proteus  and  a  few 
other  H2S-positive  Enterobacteriaceae  appeared  similar  to 
those  of  Salmonella  on  BiS  and  HE  (5). 

The  advantages  of  the  8-h  confirmation  procedure  over 
conventional  procedures  were:  (a)  24  to  48  h  less  time  be- 


TABLE  2.  Comparison  of  an  8-h  procedure  with  a  conventional 
procedure  for  the  detection  o/Salmonella  on  broiler  carcasses. 
Procedure _ Carcasses  Isolates 

Conventional  33/52*  244/307b 

8-h  _ 33/52 _ 236/307 _ 

*Number  of  Salmonella- positive  carcasses/number  of  carcasses 
sampled. 

bNumber  of  isolates  confirmed  to  be  Salmonella/numbet  of  typi¬ 
cal  isolates  selected. 


RESULTS  AND  DISCUSSION 

The  conventional  and  the  8-h  confirmation  procedures 
both  showed  positive  recoveries  of  Salmonella  from  33  of 
52  (63%)  of  the  carcasses  sampled  (Table  2).  Of  244  iso¬ 
lates  that  were  confirmed  to  be  Salmonella  by  the  conven¬ 
tional  procedures,  236  (97%)  were  also  confirmed  by  the 
8-h  procedure.  Of  the  eight  cultures  identified  by  the  con¬ 
ventional  procedure  but  not  by  the  8-h  system,  seven  were 
incorrectly  identified  because  of  an  initially  false-negative 
poly  H  agglutination  test.  However,  because  the  isolates 
were  biochemically  confirmed  as  Salmonella  by  the  Micro 
ID  system,  the  poly  H  test  was  rerun  and  the  cultures  were 
correctly  identified  the  second  time.  Only  one  culture  was 
not  properly  identified  as  Salmonella  by  the  Micro  ED  sys¬ 
tem. 

The  effectiveness  of  three  commonly  used  selective  plat¬ 
ing  media  was  compared  with  isolates  from  the  conven¬ 
tional  testing  procedure.  BGS  and  HE  recovered  Sal¬ 
monella  from  33  (63%)  and  32  (62%)  carcasses,  respec¬ 
tively,  whereas  BiS  only  recovered  Salmonella  from  24 
(46%)  carcasses.  Although  BiS  was  not  as  efficient  for  re¬ 
covery  of  Salmonella  as  the  other  two  media  in  this  study, 
its  use  is  recommended  because  BiS  is  the  only  Salmonella 
plating  medium  not  based  on  the  fermentation  of  lactose 


tween  sampling  and  conrirmation  and  (b)  less  time  required 
for  media  preparation,  inoculation  and  cleanup.  The  ad¬ 
vantage  of  the  8-h  procedure  over  the  ES  procedure  was 
that  both  serological  confirmation  and  biochemical  charac¬ 
terization  were  obtained  in  8  h.  In  the  8-h  system,  how¬ 
ever,  more  isolates  must  be  tested  than  in  the  conventional 
procedure  because  the  8-h  procedure  has  no  TSI/LI  screen¬ 
ing  step,  and  24  h  longer  were  required  than  with  ES. 

Many  factors  must  be  considered  when  determining 
w'hicn  procedure  is  best  for  detection  of  the  presence  of 
Salmonella  in  a  food  product.  If  rapid  results  are  not  re¬ 
quired,  then  conventional  procedures  might  be  preferred; 
however,  if  release  of  a  food  product  must  be  delayed  until 
freedom  from  Salmonella  contamination  is  assured,  the  8-h 
procedure  would  be  desirable. 

In  conclusion,  the  8-h  confirmation  procedure  agreed 
with  the  conventional  procedure  for  97%  of  the  isolates 
tested.  Also’,  all  carcasses  that  were  found  to  have  Sal¬ 
monella  by  conventional  procedures  also  showed  Sal¬ 
monella  by  the  8-h  procedure. 

The  time  necessary  for  determining  if  a  colony  is  Sal¬ 
monella  or  not  has  been  reduced  by  running  the  biochemi¬ 
cal,  poly  0  and  poly  H  confirmation  steps  concurrently, 
rather  than  consecuuvely.  Further  study  is  underway  to  re¬ 
duce  the  time  from  sampling  of  the  food  product  to  final 
confirmation  of  Salmonella  to  less  than  24  h  without  sac¬ 
rificing  accuracy. 
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Methods  for  Recovery  of 
Campylobacter  jejuni  from  Foods 


Beltsville.  Maryland 20705 
(Received  for  publication  June  4,  1 982) 


ABSTRACT 

The  triangular  relationship  between  Campylobacter  jejuni  food 
and  disease  in  humans  has  been  well-documented.  Many  studie 
have  revealed  that  C.  jejuni  causes  at  least  as  many  cases  of  humai 
gastroenteritis  as  does  Salmonella  sp.  Foods  are  an  imponant  vehi 
de  m  human  infection,  and  raw  milk  is  most  frequently  implicated 
Other  animal  products  also  serve  as  potential  sources  of  infection 
C.  jejuni  has  been  found  on  the  carcasses  of  poultry  and  othei 
domestic  animals  throughout  the  world.  The  organism  is  micro- 
aerophil.c  and  various  methods  for  establishing  appropriate  growth 
conditions,  such  as  tne  Former  principle,  atmosphere  replacement 

andiadKfngA/°fuUPPl£mentS  t0  encoura2e  of  C.  jejuni,  are 

available.  Methoas  developed  for  use  in  clinical  laboratories  lack 
tne  necessary-  sensitivity  and  selectivity,  and  therefore  have  limited 
use  in  detecting  small  numbers  of  C.  jejuni  in  foods.  In  one  enrich¬ 
ment  metnod  for  detecting  C.  jejuni  in  foods,  washing  are  filtered 
ana  centrifuged,  the  sediment  is  suspended  in  the  enrichment  broth 
and  the  suspension  is  incubated  under  a  constant  gas  flow  at  reduced 
oxygen  levels.  Following  incubation  enrichment  broth  is  filtered 
and  plated  onto  selective  media.  In  another  recently  developed 
metnod,  food  samples  are  directly  added  to  an  enrichment  broth 
with  antibiotics  and  incubated  under  a  microaerobic  atmosphere  be- 
fore  selective  plating.  Butzler's,  Skirrow's  and  Campy-BAP  selec¬ 
tive  media  use  several  antibiotics  to  which  C.  jejuni  is  resistant.  Tne 
plates  are  supplemented  with  horse  or  sheep  blood,  depending  upon 
e  specific  formulation.  The  optimum  temperature  for  growth  of 
;Jejunl-  about  42°C,  may  also  be  used  for  selection.  It  is  now  pos¬ 
sible  to  recover  0. 1  to  1  cell  of  C.  jejuni  per  1 0  to  25  g  of  food  sam¬ 
ple  from  among  10  to  10  indigenous  bacteria.  After  a  characteris- 
tic  colony  is  isolated,  the  key  criteria  for  presumptive  identification 
jejuni  y  phase-contrast  microscopy  are  darting,  corkscrew 
motion  and  a  comma  to  spiral  shape. 


arh?£  ^actsrium  Campylobacter  jejuni1  has  only  recentlv 
.  - .  VCd  r^C0Snitl°n  as  an  imponant  pathogen  of  sastroen- 
J-nus  in  humans.  C.  jejuni  is  recovered  from  human 
aianh.aJ  speamens  at  a  rate  that  depends  on  both  the  aware¬ 
ness  of  the  investigators  and  the  methods  emploved.  This  is 
borne  out  by  following  the  increase  in  number  of  cases  of 
campylooacier  enteritis  reported  to  the  communicable  Dis¬ 


ease  surveillance  Centre  in  Great  Britian  (7)  (Fig.  ] ).  Obser¬ 
vations  confirming  C.  jejuni  as  an  imponant  agent  of  gas¬ 
troenteritis  have  been  well-documented.  In  one  study  involv¬ 
ing  diarrhetic  children  from  Montreal,  C.  jejuni  was'  isolated 
from  fecal  specimens  at  a  rate  of  4.3%,  Salmonella  at  5  1% 
Yersinia  enierocolitica  at  2.8%  and  Shigella  at  1.4%  (30). 
In  Sweden,  when  stool  samples  from  about  2.550  patients 
with  gastrointestinal  infections  were  cultured  for  bacterial 
pathogens,  Campylobacter  was  recovered  from  277  samples 
and  Salmonella  from  183(45).  As  the  true  incidence  of  Cam- 
pylobacter  infection  of  humans  is  becoming  understood,  the 
general  assessment  is  that  the  pathogen  is  at  least  as  prevalent 
a s Salmonella  in  patients  with  gastroenteritis. 


and  r  thefollo*’,nS  '“#W  W  used  in  the  Past  for  Ms  organism 
nd  represent  a  close  estimation  of  the  same  bacteria:  C.  jejuni  'coli  (54) 

C.  ictus  »p.  jejuni  (41),  ■■ related "  vibrios  (21).  Vibrio  f-tustlii 
ae, ailed  review  of  the  taxonomy  and  nomenclature  for  this  organism  is  ore - 

^  **  **  <=  >i«ni  will  be 
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ruYiri  Luts  alter  i 


The  increased  awareness  of  the  presence  nfr  •  •  •• 

Herns  with  gastroenteritis  has  lead  m  r  ofC- ■M""  in  pa- 

pathogen  from  incnnainated  r^ds  ‘°  ^  the 

been  associated  with  pork,  ground  tLef  chT™  S°  ^  ^ 
Unpasteurized  milk  is  the  most  frequemlvi  ^  mi,k> 
of  Campylobacter  infection  ‘  r,  Zl  mpl,Cated  vehicle 
first  suspected  as  beingeattribut^r,/tK^£2C/<,r  cnleritis  was 
>n  1946  (24).  At  two  institutions  with  th  C°nSUmpt,on  of  mi'k 
a  large  outbreak  involved  151  jnfr  e  same  mi,k  supplier, 
thought  to  be  the  vehicle  for  r  Ua  S‘  Tbe  mj,k  was 

have  been  ■  W  ""  mi,k  C°U'd 

tion  of  fecal  smears  from  t  ,  (b)  miCr°scopic  examina- 

tures  of  a  vibrio-like  micro/21'^  yidded  almosI  Pure  cul- 

acteristics  of  C.  >/wm-  In  ZZ™  thatc0nformed  to  char- 
l  J  J  •  In  addition  to  this  outbreak  nn 

ous  other  reports  have  documented  Z  ^  numer- 

row  (7)  memio^ 

al™^ 

Consumption  of  cake,  panicularlv  rh* 
sociated  with  an  outbreak  of  Cn  -i\  "  ‘Cln=’  u’as  as‘ 

poned  by  B laser  etal  (4)  I  ^  obacter  enteritis  as  re- 

•  (5),  an  explt^h^outbreak^o/ca^011/^01  ^ 
curred  among  sobers on  !  Cam^'1?bacrer  ^teritis  oc- 
i  ^  survival 

cadets  given  live  chickens  to  preoare  I  3 

meals,  89  became  ill  u-Rh  .  P  P  f  tneir  evening 
following  week  Fecal  S>  nJpt0^s  of  enteritis  within  the 

yielded  no5:tner  'r  2>l  b™  'f  °f  “d“ 

.  -menus  tn  a  military  camn  i">s\  r\,u 

funher  implicate  C  jejuni  as  rh»  P  T  ^  0  ber  rePorts 
borne  enteritis,  and  only  vm-  in  f°°d‘ 

are  needed  to  effect  a  L  51,  U  "Um  S  <3°°  cells) 

(id).  '  '  "tic  response  in  humans 


“  Se,eC"'"  ™d™-  S.™  re- 

lamb  and  beef  at  rates  of  38  24  Md2-'?'1  of  P'S- 

suggested  that  the  same  abuses  in  handVp^d''^’'  S'em 
of  meats  that  result  in  ,  d  g  and  preparation 

may  also  account  for  Camnx  ■  7’e  °Ut . realcs  of  salmonellosis 
Robens  (17)  did  n^fineTc ^^bofS-  Hudson  and 
but  did  find  it  on  59%  of  the  ^  ^  beef  0r  ,amb  carcasses 
Turnbull  and  Rose  (53)1  P\g  ?mass**  th^  examined, 
from  both  aba ^  Z  ^  ^  Sa™p'« 

pylobaaer  Investigations  K  T  Were  for  Cam- 

dicate  that  domestic  animals  a  ^  Svedhem  f'9)  in- 

Campylobacter  involved  in  huma  C  probab,e  source  of 
the  organism  is  capable  of  su^ivi"  f"™*-  a"d  'bat 

or  meat  products  stored  at  4°C  With  the'se^  da>'S  da,fy 
sistent  presence  nfr„  i  l  .  bese  reports  on  the  con- 

ognition  that  the  same  measures  empire*  for  'he  reC' 
salmonellosis  should  akn  ,.P  y  prevention  of 
•ends  caused  by “  «"«»  ^.roen- 


ISOLATION  METHODS 


ASSOCIATION  WITH  FOODS 


dencTof ' T  jejuZfH  ^  **  f‘rSt  10  rep°n  the  inci* 

rrc:  '  from  commercially  processed  Douhrv 

t:  styrmr  “• 

from  i  ,  65  poukr>'  m£at  samples  purchased 

We°d  St0reS‘  Subse9usnt]y,  Simmons  L  Gibbs 

reported  recovery'  rates  nf  "8c.  f„r  ,  ,  vjiuds 

for  rurkevs'  im  c  ‘  •  P™cc«ed  chtckens  and 

aver  Pit  t  )  SmMt  Irora  Nsw  Vorfc  US).  De- 
-  (-0) .  Sweden  UT)  and  Ohio  and  Ontario  f«)  have  - 

Ponea  incidences  of  7?  t0  oie-  nfr  ••  ;nave“’" 

ket  poultry  m-at  So","  •  9‘  ,  C‘  J€JUm  0n  retail  mar* 

vo‘nn  '  t-  Soa^ng  mrkev  carcasses  ovemiaht  in 
-f  ppra  cnIonne  wash  water  did  not  d-r^.e  rZ  u 
°f  Positive  carcasses  (25)  "  e  nUmber 

CJejUni  m2-V  *,S°  b;  ho'-ed  from  red 
in-  '  C  ,  “I''0'/2''5  «  *»" «(»»  ftos.  for  pool. 

(«)  “f'fm  1  S  b“"  iSOl2“d  fro”  lamb  carcasses 
'  mi  f‘°m  eviscerated  pork,  lamb  and  beef  carcSs-s 
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Microaerobic  requirements 

m^o^musta^toSr0aer°phi,e  W)’  ^d  ‘“Mon 

have  been  used  m  cm  °  a  q“'rCmem'  Various  “'Ihods 
Kamtali  and  Flemina  PO)  dZ7hZ  C°nd"'ons  for  l™'"'- 
Fonner  principle  is  used  m  i 'ote  c7  ,  "  ““Ch  ^ 

stools.  A  rapidly  crowina  Pm,  CamP}lobacter  from 
of  a  blood  a°ar  plale  to  reH  k  SP‘  ’S  streaked  onto  half 
system,  ^  in  a  Cosed 

the  other  half.  A  method  fo  u.  C  mpy  obacler  possible  on 
containing  5%  oxygen  is  d-scrih2^ 'ng  3  Cl°Sed  environment 
lory  Manual  (75).  Luechtefeld  etal  IZZTZ  Ub°ra' 
rates  of  Campylobacter  grown  in  a  closed  7  '  IS°latl°n 

oxygen  were  suo-rinr  m  d  containsr  with  5% 

another  study  comparing  the  CampvPak  T\  *  ^  ^ 

terns  and  5%  oxygen  in  a  u  *  ?}  ^  sys- 

isolation  rates  of  C  ;>/  •  ^ontamer,  no  difference  in 

have  used  for  the  pa^t  two  ve^s  ist^h^- A  U'e 

Phere  of  the  container  used  to  culture  iheTZ'  ^  3tm°S' 
O2:10%  COv85 %  N  Ri^  f  h  organism  with  5% 

Pies  are  inv ^  Wpfa  ^i ^ 

•he  gas  mitt  t^2UUm  ?“• 

sure  is  detected  cominc  ou,  of  he  jjr  T  5  ^ 

a  clamp  „d  piaced  inman  appropri^i^aTor 
A  supplement  that  improves  the  aerotoleranc“  of  Cn 
pylobaaer  has  been  described  (12  14  15)  ,7  f  t 

specific  quantities  of  famous  suifate.’ sodium  “Lb,"  in" 

,o  brrh  a-d ««- 

^sup^emen^.^^---^ 

am.  b;  quench, ng  superoxide  anions  and  hvdro»e'n  p-roxidL 
mat  occur  spontaneously  in  foe  culrure  n'-dium  rap  b 
been  used  to  promote  crowth,  and  such  feZ?' 
also  oe  useful  in  an  enrichment  broth.  ’  "  'm=n‘  m2>' 


STERN 


—^fLL Summary  ofennchmm,  pror  , 

Authors  - __ 

Selective  agents 
(per  liter) 

Vancomycin,  10  mg 

Trimethoprim.  5  mg 
Polymyxin  B,  2,500 1U 

Amphotericin,  2  mg 

a)  Same  as  ref.  2with 
30  mg  cephalothin 

or 

b)  Same  as  ref.  2, 

50,000  IU 

Polymyxin  B 

Alkaline  peptone  water 

(pH  8.4)  under 
reduced  atmosphere 

Vancomycin,  20  mg 
Trimethoprim,  5  mg 
Polymyxin  B,  10,000  IU 
Actidione,  100  mg 
5-FIuorouracil,  500  mg 

Vancomycin,  8  mg 
Trimethoprim,  4  mg 
Cephalothin,  3  mg 

Colistin,  3  mg 
1-2  d  under  constant  flow  of 
reduced  atmosphere 
Filtration  through  filter 
with  0.65  p.m  pores 

Vancomycin,  15  me 
Trimethoprim,  5  me 
Polymyxin  B,  20,000  IU 
Cvclohexamide,  50  me 

J^gjuced  atmosphere  for  1 8  h 


Chan  and  Mackenzie 


Tanner  and  Bullin 


Hander  and  Gill 


Park  and  Stankiewicz 


49 


22 


33%  greater 
than  direct 
plating 

6%  greater 
than  direct 
plating 


Allowed  for 
recovery  of 
1-10  organisms 


Sensitivity 


Not  given 


31 


1  cell  per 
10g  among 
1 05  to  io7 

bacteria'g 


Doyle  and  Roman 


11 


1  cell  per  10  g 
among  1 06 to  IO9 
bacteria/g 


Enrichment  methods 

w\eral  enrichment  methods  that  mav  h«  a 
C •  JeJuni  from  specimens  contain'  Sed  t0  se,ect  r"or 

are  described  in  Tab]-  1  How-v  °ther  lndigenous  flora 
^re  developed  in  cLcal  iZZ?'™*  °fthese  ^ods 
sensitivity  and  selectivity  needed  fo'ri  ^  n0t  haV£  the 
,n  foods.  Although  fecafsoecirne  f  eteCtIOn  °f  C 

*  UASUa11*  c°ntatn  comp^tiver^-  nf"?6'  indh'idU- 

pyiobacter  (about  106and  10%)  bers  of  Ca 

not  0CCUr  in  foods.  Only  500  celk  ^  numbers  may 
^used  an  enteritic  response  in  ,  h  "  3  C-Up  °f  mi,k  ^ve 
of  swabs  from  inoculated  meat  ha^™2"  Dlrec:  Platins 
can  be  recovered  fm  “  ,  h  S  Snown  that  the  organism 

-1*.  of2bor w%  ^ 

methods  desmoed  below  lTSIfflr.Cm'  f  >'  Th= 

parative  studies  for  sensitivity  s.i  1  ln  neea  of  co™- 
considerations,  such  as m-c  fd  0!h=rP^*ai 

Resistance  of  C.  >  w  “  “d  s™P''city. 

quentlv  employed  in  selective  -  sTl.=raI  “nbiotics  is  rre- 
most  Often  resist—  -”ncbmem.  The  oreanism  is 

i^MStajji  tO  VanCOmvrin  „,v-  ,  .  =  IS 

gram-positive  cocci.  C.  ieiuni i<t  ’  •  hlCh  1S  actIve  2=2inst 

resistant  to  polymyxin  B. 
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trimethoprim  lactate  and  the  c-nhoi 
is  inhibitory  to  Enterobacieri 7  °Sponns'  Poiymvxin  B 

while  trimethoprim  acts  again su^  Md  Pseudomonas  sp. 
porins  are  active  a«£„T  ^  $P‘  ^  cePhalos- 

terobacter  sp.,  S erratic!  sp  pZlT^  faeCalis’  En' 
some  Proteus  sp.,  y  en'n  r  °naS  aeru^osa, 
fragitis.  Amphotericin  B  .Md  B°cteroides 

us^d  to  inhibit  yeasts  and  fung?C  °  CXlmide  ('acil'dione)  are 

mfos^te  brot  pteo  '  SmP>’-thi0  broth 

Comycin.  5  me  of  11  “f  and  1°  mg  of  van- 

"d  - »» B 

greater  recovery  0f  C  •  .  .  har  a,]owed  for  33% 

medium  alone.  Stool  specimens  a"  <-“>  ““  °f  selccIivc 

thio  and  held  in  the  —  fri-  P  inoculated  into  Campy- 

selective  asar  medium”  During T  8  h  before  Pia:iris  onto 

perature  inhibits  the  i'rourh  o?  C* 

S=nous  bacteria  are  diminished  through/ ""  indi' 

mtcrobials.  mrough  the  action  of  the  anti- 

^'•:^“7fscHbed  by  Rosef  (37), 

7  "  C™P>l°bac,er  from  the  gallblad- 


. 


der  of  pigs.  The  same  concentratinne  c 
scribed  by  Blaser  et  ai.  (2)  were  use/ '  ant,micr°bials  de- 
wa s  omitted.  In  place  0f  thi->  I  ’  bUt  amPbotericin  B 

Of  peptone,  8  6  of -'UK  r"a"  b™b  afar.  ,0g 
of  y=aS,  extra,.  5  g  of  NaQ  29>’  ’•* 

were  used  per  liter  The  esiiM  ^  U  025%  rezasunn 

"» of  tws  ^nch^;“;d  r'e  wTadded,° 

bated  a.  42°C  in  a  n.icroaerobic’,tmoSphe”mf!“ 
medium  was  plated  after  24  and  48  3  r  ^  C  lrncn> 
study  C.  jejuni  was  isolated  oTl/wLnl'^10"'  "* 
teas  used.  Forty, wo  and  58%  of  the  gailbladd medl'Um 
were  positive  for  C.  jejuni  after  24  and  48  h  r  Mmp'ed 
respectively.  “  nd  48  h  of  enrichment, 

d™  «™  enrichment 
media  contained  hi  saZ  fr°m  S'°°,S  <S> •  ™e 

Blaser  and  co tori* ^  as  described  by 

cephalothin  added  per  liter  orfbJt^lymvxinB  30  ^  °f 

tion  was  increased  to  50  IU/ml  A  f  i  '  concentra- 
imo  a  small  vial  containing 7hT  u  SWab  was 

sample  was  incubated  ovemighT 7a  'hc 

mosphere.  The  swab  was  suteuItunvT  °  d  2  n0rma]  at* 
Using  this  method,  the  plate, 

creased  by  6%  over  direct  plating.  1Jum  uas 

8-4)  P!P‘0"e  'vatcr  (PH 

43-C  in  a  reduced  atmosphere^ 

ast:  irrt^o n 

?"d  a"°-d  -be  organism!s  to'  7  ^  ° 
large  numbers  of  Escherichia  coli  and  S  7  P  ,  (t  °f 
•hts  broth,  fecal  samples  .ha,  were  n=ca,ive{v  d  , 

■ng  methods  were  positive  for  d,r£C'  Pla'- 

Lanaer  and  Gill  (22)  us“d  a  •  , 

and  direct  plating  ,0  detemine  wh-th -T"  °‘  '"nChment 
feet  a  bovine  udder  The  s-Iectiv-  7' “  could  in’ 

richmen,  broth  consisted  °f 

of  trimethoprim,  10,000  lu  of  pc”vm "x  „  b  TS' 1  f 
■tmone  and  500  mg  of  5-fluorouracil'  per  IiK  p”8,0' 

Pies  enriched  in  20  ml  of  this  broth  af^'c  f0-  o  d 
were  subcultured  onto  s-I-eriv.  /  2  d  in  air 

enrichment  medium  -  7  L rneaia-  in  a  similar 
cnmwnt  medium,  whicn  also  contained  3  or  km 
Oosterom  et  al.  np)  irCr-«^  blIe’ 

7* *■“*» df  3 » >0  ceils  o 

In  an  article  on  the  DrevaHn'**  of  r  ■  ■  r 

erated  whoH  r-2r’--r  oK‘  i  "1  ^C-JeJuni  m  fresh  evisc- 
“  wnoiw  market  chickens.  Park  et  al  n->\  4a.  •,  „ 

method  that  included  an  enrichment  s-=n  7  f  "bed  2 

Plating.  Store  bought  chickens  w-~  7?  _Selective 

nutrient  broth  pt-hV  •  w,clSn£a  In  -50  ml  of 

loth.  The  fi  -a«  was"  ""V"  cheesec- 

sedimentw^msus^nd^f',^  "*  «* 

»  of  ’be  br°:h;  Afer 

eg- media,  the  remainder  was  ^  “--d  o  mo  TP 

nenmem  broth  Th-  -nrt'-hm.„f  ■“  100  nI  of  «- 

rancomycin,  4  mg  0^“ 

1  rng  of  colistin  and  30  ml  o' »K  f*  °f  C-?na,0:ra"- 

bmcella  broth.  Since  the  oririra]  Jittf™  ht£r  of 
has  been  modifier!  -«  ,  /'-  ,2J  P-°f'-<iUon,  tnis  oroth 

modmed  to  exclude  TRIS  buffer,  thereby  reduc- 
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ing  the  pH  to  7  2  fPart-  ^  i 
containing  the  suspended T^i  C°mmunication)-  ^asks 
were  incubated  at  4^°C  for  Cnnchment  brolh 

of  5  to  7  ml  of  5%  Oo:10«7c  CO  859'^  '  "  C°nSIam  fl°W 
incubation  5m|nf/  ■  ,  L°2'85/c  N2  per  minute.  After 

onto  two  selective  media  Thi  •  u  °  ate  Was  pIated 

able  of  recovering  1  cell of  C.rtL^'wT™  T  ^ 
ence  of  10  to  106  inHir,  J  ^  ^>Cr  d  g  in  the  pres- 

4"  W).  Di“ct  plarin^r  H°r‘aniSmS  >*r  «ram  of  chich- 
rate,  whereas  the  enrich  "  U'C'  3'lelded  a  32%  recovery 

a  62%  rec".;;  ra"mre  r0"  °f  ^  “  ab  >'i£ldcd 

ens  (32).  '  J  JUm  from  store  bought  chick- 

^;hi;“tirchmcnt  ,echc,quc  has  re. 

broth  consisting  of  79  (,!,  a  fee"''2!.’  ■  of  an  enrichment 
succinate,  0  „  'It  b  ^ u  '°°d’  3  8  °f  S“dium 

comycin,  5  mg  of  Z  h>'drocbloride.  15  mg  of  van- 
j  —  Iflg  or  trimethoDnm  ODD  rti  e  , 

B  and  50  mg  of  cvrlnh.v-  '  a  '■  ^  ^  °f  polymyxin 

The  inoculated  broth  is  held  m'a^LiTfi  brolh- 

is  evacuated  and  replaced  hr  e  ,■  ’  “d  lhe  a™osphere 

5%  O,:10%  CO::85%  N,  ThVfl™k  is'  '  f $  miX“'e  °f 
for  16  to  18  h  at  ino  r T  "  k  1S  Incubated  at  42cC 

•lom  .be  ^ 

Plates,  and  these  plates  are  incubated  p“'  (f* 
under  microeaerobic  conditions  This  m.rK  7  "8  h 

comparatively  simple  and  requireltss  ,ime7  “  S“SWVe’ 
jejuni  from  foods  d*,  other  ^77“^  r"C°Ver  C 

Selective  plating 

supernatant  fluid  at  1  500  Xp  for  5  !"  p  °S  tnC  resultant 
..  ’  ^  A  ror  5  m]n.  Four  m  llilitprs  nf 

to=  result, „g  supentaum,  fluid  were  filtered  throu  0  65 

•aloed  15%  defibrinated  shLp  blood  7^““' 

i=SS5S“it#p5 

5=s.a*s-5 

This  original  medium  has  been  modified  several  tim-s 
m  wmm,  c0  g tor  agar.  1 .0-00  ml  of  distilled  ware's  ’loo  m 

Of  detnonnated  sheep  blood  25  oon  TTt  W  m 

Of  novobiocin,  JOmgofacriii^^^  5  mg 

~0  000  1 1  nf  •  r  i,w'  °f  ccphalothin  and 

-u.duu  L  of  colistin  per  liter.  Of  three  sele-riv-  m»o- 

utttw  iciewtive  meaia  com- 


‘  - 
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h  sb™*-,  frit„B<“^°r?'/rT'rio" (2J)' 

blood,  10  mg  of  vancomycin  2  500  IU  „f ^  ^ 

5  mg  of  trimethoprim  per  liter  nf  u  f  Potymyxin  B  and 
2  or  brucella  agar  Us^e  ti i,  °  ^  *gV  baSe  no' 

duced  atmosphere  at  43°C  Ski  ?ledmn1,  under  a  re‘ 
J  1  *  of  803  patients ^h  d^“  ^  C  ^ 
fore  plating  with  rhic  caI  •  r  titering  is  needed  be- 
modified  IkZw  s ,'Ve  f0™u,ali0"-  Blaser  e,  al.  (2, 
third  „f  the  cmnrnontused  * 

Campylobacter  To  Skirrn  •  C  ect,ve  media  for  isolating 
photericin  B  and  L  l  '  fZl  2  ^  of  ™ 

Cephalothin  seduced  the  '  ph“lo,hm. wcrc  ^ded  per  liter. 

=Pd  amphotericin  B  inhibi,eTLCgro"nhnofac0n^ina,mS 
cans.  g  outh  of  Candida  albi- 

In  a  recent  study,  selective  Dlares  nf  a- 
modified  with  15  m?  nfe  .•  1  Sorrow  s  medium  (5) 

(i)  and  Butzler  s  ("I)  a  ^  liter*  C“W-BAP 

and  selectivity  in  the  recov  !ested  for  their  sensitivity 
ground  beef  (47)  Campv  BAP°  1"°CU,ated  C-  JeJuni  from 
tive  and  Butzleris  medium^  ?  **  ^  most 
contaminants  on  these  elates  "  m°St  SC  ective'  Breakthrough 
(47)  suggested  that  ?o  k  ^  n0ted  and  disCussed-  Stem 
•  Butzler's  media  would  b^  mTsruse°f!JnnhthCamPy’BAP  ^ 
jejuni  from  food  sources.  reC0Ve^  of  C 

Identification 

Plates  should  be  examined  at  24  48  and  7?  h  f  •  , 
colonies  o fC.ieiuni  tf  ™  ^  h  for  typical 

be  returned  to  the  incubator  ^  *PPajem’  the  p,ates  should 
should  be  re-established.  Typical  SenfCCOn-di^°nS 
selective  blood  agar  plates' will  Ha  t  f  JGJUm  0n 
slightly  raised,  hate  an? • Z  uYe tTr oZ  Z  ” 
gray  to  pink  or  tan  mucoid  (Fie  oVrf  ,J Z  f  appeax 

within  the  incubation  chamber  ort  its  “tT  1 

ganrsm  tends  to  spread  in  a  cham-rertf.  '  ,he  or - 

It 'wfter48  h  °f h; 

t  to  4  mm  in  diameter.  ^w_wnerajiy 

Characteristic  colonies  should  be  transf-r^  . 

mount  slide  and  obs-rved  with  a  u  nsKrred  to  a  wet- 

Details  of  taxonomist  ■  h  ph2Se'contrast  microscope. 

Manual  of  D  ■  cntena  may  be  found  in  Bergev’s 
Manual  of  Determinative  Bacteriology  (4 1 1  Th»  ■ 

ponam  criterion  to  consider  in  IdenSt!'  c  ‘m‘ 

rapid  corkscrew  rn  anrt  r  ■  ,aennr>mg  C.  jejuni  is  its 
(O  ’  to  o  Cmt  T  fro'tnotion.  Tne  organism  is  narrow 

inuCOra' s:  -2U" 

motion,  one  should  further  ms!  fo-  STY”'  ^ T*  ** 
microaerobic  conditions  at -J=C  Fu '-fi-  f  P  U"der 
grow  under  a-rnh,>  ^  ”•  ^  ~  •  C.  jejuni  does  not 

cephalothin  (30  pa)  antis' °0-l  “  10  di$CS  of 

nalidixic  acid  m  \  susceptiole  to  discs  of 

The  or  ”  m  is  cao^b  eT  ”=  ^  W. 

tan  ox'idase Yd YY  YYu- Y  **"•  ^ 
out  funher  reduction  V  Yw<?Uu*’s  nitrate  to  nitnte  with- 

sodium  chloride  nor  does  it  ftZJ^Lcol  Tn- j"  ^ 

QOeS  Produce  HAS  in  triple  sugar  mon^t  d" 


STERN 


Figure  2.  Characteristic  appearance  of  Campylobacter  jejuni 
pure  culture  on  a  selective  blood  agar  plate  after  24  h  at^Curu 
microaerobic  conditions.  -+”0,4.  tun 


EleC:r°n  pho:omicrcEr^ph  of  Campylobacter  jejuni 
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' 


ov“eraH^HS  PKX™  °{  *  s.np 

O'er  a  med.um  comammg  0.02%  cys.eine-HCl.  An  exeel 

bn,  Ted'“m  fOT  “sessi"S  th«o  characlertstics  is 

brucella  broth  containing  0.16%  agar  (16). 

1.  has  been  suggested  that  isolates  conforming  to  the  above 
criteria  may  further  be  divided  into  two  separate  species  C 

f™  CrU  <40>-  C ■  *>»•*  a.  So.5-cS  2 

3,  S-tnphenyltetraaoIium  chloride  and  does  no.  hydrolyze 
hippurate  (/5).  This  species  may  be  discriminated 

a  ™  f'JTm’  r  Pr°dUCeS  lhe  0ppOSi,e  results  as  C.  colt 
does  for  these  three  tests.  In  our  hands,  the  hippurate  test  is 

he  most  reproducible  of  the  three  suggested  discriminating 

s.  However  this  ’discrimination”  may  not  be  of  critical 

importance  to  food  microbiologists  since  both  c.  jejuni ’  and 
C.  colt  are  responsible  for  human  infections 
.  An  abbreviated  How  chart  is  given  as  a  procedure  useful 

methrwH ting  ^  ^  f°°dS  (Fi*‘  4)'  Some  of  these 
methods  are  new  and  still  need  confirmation  by  other  labora¬ 
tories.  By  using  this  protocol,  workers  in  my  laboratory-  have 

method  y  ^  CJejUm  from  food  sources.  The  recovery 
method  appears  to  be  no  more  difficult  than  the  well-estab- 

H  ed  Proc^dures  currently  in  use  for  other  foodbome  patho- 

Id  K,1  rf wmptiVC  teStS  f°r  USe  b>'  the  f00d  ^usuy 

and  in  public  health  laboratories  still  needs  to  be  developed. ' 

Food  Sample  or  Surface  Swab 

Selective  Plates,  Enrichment  broth  5%  0 

5%02,10%C02,  10%  C02 , 42  °C,  18  h  t*' 

42  eC,  48  h.  „ _ „  $ 


T 

Selective  plates, 

5%  02 , 10%  C02 , 42  °C,  48  h. 


Phase-contrast  microscopy: 
darting-corkscrew  motion  ' 


Presumptive 
Campylobacter  jejuni 
Confirm  with  taxonomical  tests 
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The  laboratory  procedure  used  at 
Russell  Research  Center  to  isolate  Sain o n e 1 1  a 


PREEKRICHNENT 

— 

M  -  9  OR 

sp 

(if  needed) 
ENRICH  M  E  K1  T 

- 

SC  AND  TT 

PLATING 

- 

BG  SULFA 

AGAR,  ML  I A 

SCREENING 

- 

L I  A 

CON  F I R M ATI  ON 

- 

MICRO  ID 

-  SEROLOGY 

/  U  S  DA 


p.r: 


Sa 


rrne 


ccec'ire 


1.  Freenrichrer.t  is  optical.  If  you  vent  the  dbsoU'*e'v  r«f 

sens . Live  procedure  end  ere  not  worried  shout  n  ext rt  dcy”s" 

Hng  ht  s  been  stressed  in 


work  ,  c  r 
&  n  v  v  e  v  ♦  u 


*  H 


1  e  p  r  o  c  u  c  t  you  ere  sir 


,  en  1  would  reconrend  preenriching  in  either  a  17 

f  e  r  e  d  peptone  or  ninir.al  salts(M-S)  medium  for  1  £-24  hr\ 


2  .  E  n  r  i  c  h  m  e  n  t  —  I  f 
preenri  chr.e.n*. 
broth.  If  s- o u 


y  o  u 


ere  direct  enriching  raw  poultry  without 

selenite  cystine 


step  then  I  would  recommend 
preenriched  first.-  then  I  would "make  1 


to  10 


(incubate’  s'  3  S '  C '‘'I  r"  W °  Pc'  " 1  ''nt0  both  -jeltnU,  cystine 

re  rr  V.  18'?f  nr')  2nd  tetrethionote  brillient 

green  or  n  (incubate  at  42  C  for  16-24  hr.).  For  your  ros* 

ocr^^riw/f-nj5^651  t0  US,e  both  enrichments  bec^se  you 
be  inhibited  by. one  of  •  th^nrkhnents.^  selmonellae  which  will 


3.  Selective  P  1  a  t  i  n  c --is'e 
(see  enclosed  m  a  n  u  sv  c  r  i  p  t 
Streak  plates  for  iso. 1  at 


recommend  using 
)  as  our  two  p  r i 
ion  a  n  d  'J  ft  c  u  b  a  t  e 


5G  sulfa  and  ML  I  A/US  DA.* 

ary  plating-  media. 

for  24-48  hr.  at  25  C. 


A.'  Screen  ing--Stab  and 
incubate  overnight  with 
typical  purple/purple  w 


streak  lysine  iron  agar  slants  and 
the  caps  loosely  fastened.  Look  for 
i  t  h  blackening  along  the  stab  line. 


5.  Con r i rma t i on -- We  use  Micro  ID.  or  API 
characterization  end  poly  0  and  ? o 1 v  H 
c  o  n  t  i  r  m  a  t  i  c  n  . 


i 

7  o  r  biochemical 
s  e  r  o  1  o' g  y  for  biochemical' 


Product  Sampling 


W  hole 
s  t  e  r  i  1 
end  t  h 
give  a 


carcarsses — We  recommend  rinse  sampling  w 
-  water  (allows  penancing  carcasses  on  pr 
“  n  a  d  ■_  i  n  g  jOx  concentrated  preenrichment 
single  strength  solution. 


i t h  100  ml 
ocess  i.nc  line 
or  enrichment 


\ 

) 


Perts--Use  a 


similar  approach. 


Communi  ted  product  — Ma  ke 
a  stomacher  bag  filled  w 
stomach  for  30  sec. 


J, 1 .to  10  dilution  of  your  product  into 
>. h  khe  appropriate  medium  and  then 


n 


